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- A significant fraction of unselected Municipal Solid Waste (MSW) is being directed to Mechanical 
Biological Treatment (MTB).

- Anaerobicdigestion(AD) ­ controlled decomposition of biowasteunder specificconditions (free O2
is absent, T suitable for occurring mesophilicor thermophilicanaerobe bacteria), which convert the 
inputs to a CH4-rich biogas and whole digestate, which can  confer benefits to soils.

- WasteFrameworkDirective2008/98/EC (WFD) ­ ΨΨend-of-wasteΩΩ όEoW): no longerconsidereda 
waste, by ensuringthat the material isnot detrimentalto humanhealthor the environment.
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Composting
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OBJECTIVEΥ  ǳǎƛƴƎ ǘƘŜ CŜƴǘƻƴΩǎ ǇǊƻŎŜǎǎ ŀǎ ŀ ŎƘŜƳƛŎŀƭ ŀǇǇǊƻŀŎƘ ǘƻ ǎǘŀōƛƭƛȊŜ 
anaerobic digestateas an alternative to the traditional composting process.

OFMSW



2 AD (5,000 m3)

Figure 1 - MBT where Anaerobic Digestatewas collected (centre region of Portugal)

Main Inputs:

- Selected MSW

- Unselected MSW

Main Outputs:

- Recyclable materials

- RDF

- Compost

- Electrical Energy
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is the biological aerobic decomposition and stabilization of organic material under controlled conditions 
that allow for the development of an end product stable, free of pathogens and viable plant seeds, and 
can be applied to land beneficially.  [Environmental Engineering, 5th ed., John Wiley& Sons, (2003)]

Composting

Main disadvantages:
- slow kinetic
- requiring some months of maturation. 
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Chemical Oxidation: Fentonôs Process 
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2 3

2 2Fe H O Fe HO HO+ + ¶ -+ ­ + + (1)

promotes the formation of the highly reactive hydroxyl radicals, according to Eq. (1), 
able to oxidize a wide range of compounds: 

The main shortcoming: significant loads of iron containing sludge

Chemical Oxidation: Fenton-like Process (nZVI) 
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++ ­+ 203 32 FeFeFe

The main advantages: recycling of ferric iron into ferrous species at the metal sheet surface

dp< 100 nm 

(2)

(3)

(4)
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Figure - Developmental milestones of nZVItechnology over the past 15 years
[Yan, W., Lien, H.-L., Koel, B.E., Zhangd, W.-X., Iron nanoparticlesfor environmentalclean-up: recentdevelopments
andfuture outlook, Environ. Sci.: Processes Impacts, 15 (2013) 63-77.]

Chemical Oxidation: Fenton-like Process (nZVI) 
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[Yan, W., Lien, H.-L., Koel, B.E., Zhangd, W.-X.,Environ. Sci.: Processes Impacts, 15 (2013) 63-77.]

General uses of nanoparticles of zero-valent iron (nZVI) 

Fig. - Mechanisms of reductive dechlorinationby 
monometallic nZVIand palladium-dopednZVI. 

Fig. - Role of the coreςshell structure in contaminant 
sequestration.
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Chemical Oxidation: Fenton-like Process (nZVI) 



Characterization of anaerobic digestate
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V moisture (H) and total solids (TS)
V volatile solids (VS)

V total dissolved solids (TDS) 
V chemical oxygen demand (COD)
V dissolved organic carbon (DOC)
V pH and electric conductivity (EC)

V bulk density (BD)
V water holding capacity (WHC)
V total Kjeldahlnitrogen (TKN)

V C/N ratio 
V C, H, N, S

V heavy metals (PbΣ /ǳΣ ½ƴΣ ΧΣ CŜύ 
V phytotoxicity

V oxygen uptake rate (OUR)

Characterization of nZVI (nano zero-valent iron)
V morphology 

V particle size distribution 
V specific surface 

V Χ

according to the Standard Methods

liquid-solid ratio of 10 (L/S = 10 

test methods for examination of composting (TMECC)
relating saturated mass with dried mass of the sample
VelpScientificaequipment (digestion, distillation, titration)
Elemental analysis

FAAS after acid digestion with aqua regia
germination index (GI) with Lepidiumsativumseeds
4 days, in a respirometricinstallation, at 37 ȏ/

TEM

nitrogen gas absorption (BET), MicromeriticsASAP 2000



nZVI synthesis
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Aqueous reduction of iron salts [Wang C.-B., Zhang W.-X. Synthesizing NanoscaleIron Particles for 

Rapid and Complete Dechlorinationof TCE and PCBs. Environmental Science & Technology. 31 (1997) 2154ς2156]: 

- 1.6 M NaBH4 added to 1.0 M FeCl3ϊсI2O at 6.8 mL/min through a peristaltic pump 

- stirring at 200 rpm with a mechanical device, aqueous solution at room temperature

- caution due to the hydrogen gas production

- washing and filtration of nZVIparticles 

- preservation of nZVIparticles in ethanol



Chemical Oxidation: Fentonôs  and Fenton-like Process 
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Oxidation
Reactor NaOH

trap NaOH
trap

NaOH
trap NaOH

trap

ra

ra
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Experimental trials:

- batch reactor of 500 mL, under stirring;

- mass of digestateof 22 g (dry basis);

- Liquid-solid ratio (L/S) = 5;

- reactiontime isabout15 min;

- CO2 released was captured in 4 gas 

scrubbers placed in series;

- The scrubbers were partially filled with 

NaOH, and titrated with HCl. 

hǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǘƘŜ CŜƴǘƻƴΩǎ ƭƛƪŜ ǇǊƻŎŜǎǎ:

- pH adjusted to 3 (H2SO4 (3 M));

- concentration of H2O2 (33% w/v),

- concentration of nZVI



Chemical Oxidation: Fentonôs  and Fenton-like Process 
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How to measure efficiency?

of chemical  oxidation and  stability (biological)

CO2 released

VS in the solid

TOC in the solid

Respirometry(O2 consumed)

Biodegradability  (based on 
lignin content) 

FTIR



Respiration tests:
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