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T-Introduction

- A significant fraction of unselected Municipal Solid Wakt8\) is being directed to Mechanical
Biological TreatmentMTB).

- Anaerobiadigestion(AD) - controlleddecomposition obiowasteunder specificonditions (free ©
isabsent, T suitablgor occurringmesophilicor thermophilicanaerobe bacteria), which convdrtte
inputs to aCH-rich biogas and wholéigestate which can confer benefits swils.

- WasteFrameworkDirective2008/98/EC (WFD) Uetd-of-wasteQ BoWh nolongerconsidereda
waste by ensuringthat the materialis not detrimentalto humanhealth or the environment

Unselected -

OFMS

OBJECTIME dzaAy3d UKS CSyuduz2yQa LINROSaa
anaerobicdigestateas an alternative to the traditional composting process.




AGRARIA DE COMBRA

1- Introduction

Main Outputs:

Recyclable materials
- Selected MSW RDF

Main Inputs:

- Unselected MSW Compost
Electrical Energy

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




T-Introduction

Composting

Is the biological aerobic decomposition and stabilization of organic material under controlled conditic
that allow for the development of an end product stable, free of pathogens and viable plant seeds, ¢
can be applied to land beneficiallgnvironmental Engineering®&®d., John Wiley& Sons, (2003)]
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Ash . . COOH
H,0 - slow kinetic

- requiring some months of maturation



T-Introduction

Che mi cal - Oxida tProoess Fent onos

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

Fe"+H,Q - Fé™ +HO" HO (1)
The mainshortcoming: significaribads of iron containing sludge

Chemical Oxidation: Fenton-like Process (nZVI)

Fe’+2H" - Fe& ™ +H, 2) "
Fe"+H,Q - F¢" +HO" HO (®
2Fe* + Fe’ - 3Fe* (4)

+— FeQOH

dp< 100 nm

The mainadvantages: recyclingf ferric iron into ferrous species at the metal sheet surfe
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Reactivity

.
BNP

Year 1997 2000 2001 2005 2010

Figure- Developmental milestones ofZVitechnology over the past Iyears
[Yan W, Lien H-L.,Koel| B.E.Zhangd W-X.,Iron nanoparticlesor environmentalclearrup: recentdevelopments
andfuture outlook Environ Sci: Processebnpacts 15 (2013) 637.]

Scale of evaluationand implementation




T-Introduction

General uses of nanoparticles of zero-valent iron (nZV1)

Catalyzed Reduction

(fast) . .
Direct Reduction

R-H + CI (slow)

/'\, R-H + ClI-

H R-
H,0 2 W o /'
\C/

y

F32+ Pdo

Iron oxide

Cr(vVi) Reduction +

Precipitation

Sorption + reduction
& oxidation

Fex(:rl-x(o H )3 (S)

As(v) (
f’ - FeOxide

Zn(OH),(s) Vg
Sorption +
Precipitation

i " Ni(0)
n ads\

Sorption +
Reduction
Zn(l)

Fig.- Mechanism®f reductivedechlorinationby
monometallicnZViand palladiumdopednzZVI

Fig.- Role of the coreshell structure in contaminant
sequestration.

[Yan W, Lien H-L.,Koe| B.E.Zhangd W-X., Environ Sci: Processebnpacts 15 (2013) 637.]

Chemical Oxidation: Fenton-like Process (nZVI)

Fe’ +2H" - F& ™ +H,




2- Methodologies

Characterization of anaerobic digestate

V moisture (H) and totadolids (TH
V volatile solids (VS paccording tahe Standard Methods
V total dissolved solids (TDS
V chemicaloxygen demandGOD)
V dissolvedorganic carbon (DQ(é],quuid—solid ratio of 10 (L/S £0
V pHand electric conductivity (E
V bulk density (BD)-» test methods for examination of composting (TMECC
V water holding capacity (WHQC)s relating saturated mass with dried mass of gample
V total Kjeldahlnitrogen (TKN)-> VelpScientificaequipment (digestion, distillation, titratic
V C/IN ratio ]_ Elementalnalysis
V C,H,N,S
V heavy metalsR> / dzZ Y%y BAAXalter &&ifl digestion wislguaregia
V phytotoxicity —» germination index (Gl) withepidiumsativumseeds
V oxygenuptake rate (OUR—> 4 days, in @aespirometricinstallation, at 370 /

Characterization of nZVI (nano zero-valent iron)

V morphology LTEM
V particlesize distribution
V specificsurface —» nitrogen gas absorption (BEMicromeriticsASAP 2000
vV X



2- Methodologies

nZVI synthesis TWo approaches

top‘dOWh or pottom-upP

AqueOUSI‘ed UC'[IOI’\ Of II‘Oﬂ SaItSWang GB., Zhang \WX. Synthesizinyanoscaldron Particles for

Rapid and Complet®echlorinatiorof TCE and PCBs. Environmental Science & Technology. 3121942154:

4Fe” +3BHy + 9H,0 — 4 Fe'l + 3HL,BOs +12H" + 6H,

- 1.6 M NaBhladded to 1.0 M Fegl c,® at 6.8 mL/min through a peristalfpzimp

- stirring at 200 rpm with a mechanical devj@gueous solution at roortemperature
- caution dueto the hydrogen gaproduction

- washing andiltration of nZVlparticles

- preservation oihZVlparticles in ethanol




2- Methodologies

Che mi cali o Ox idat i .oFentonHilkePtooessd s

Experimentatrials:

- batch reactor o600 mL,understirring;
- mass ofdigestateof 22 g (dry basis);
- Liguidsolidratio (L/SE 5

- reactiontime isabout 15 min;

- CQ releasedwascaptured ind gas
scrubbers placed igeries

- Thescrubberswvere partiallyfilled with

NaOH and titratedwith HCI
s e Y /: 3 :
hLIWAYAlLFUAZY 2T 0KH CHSY Uz y () T EA 1|_= LJN‘:EL_/OS
- pH adjusted to 3 (}6Q (3 M)); Reactor NaOH ; .—=
tra aOH
- concentrationof H,0, (33% w/), = i | wo | | Mo u
- concentration ofnzVI trap uop |
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Che mi cra k!

Oxhidat i

How to measure efficienéy

of chemical oxidation and stability (biological)

i CQreleased

A
."& " ‘;’.\ ":r‘ . .
A A
@ VS in the solid
b 4 W
P

R
4 ‘d AR
'\." gt

h SV

gt

1Y

& Y .
o

oy ‘
i "r;? i

#% TOC in the solid

oFRFentonHilkkerPtooeBsO s




2- Methodologies

OxygenUptakerate
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