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phosphorus background
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P-flows in EU 2012

Results in tonneslyear forthe year2012

Exports

Secondary material: 179t
Processed material: 37 100t
Product 224 000 t

Vaste: 377t

Imports

Primary material: 511000 t
Processed material: 306 000t
Product 1000000 t

Waste: 1351

B Primary material fi

I Secondary material [f]

[ Processed material [f]
Addition to landfill i I Product [

andtailings | EEwaste[

Waste: 108 000t i I Output from the value chain [
i B In use dissipation [

[ Non functional recycling [t]

Extraction
Primary material: 87 100 t

Subtraction to in-
use and end-of-life F . | i L
stock unctional recycling osses

Product 7340t Secondary material: 180 000t In use dissipation: 1 550 000 t

i EU-28 boundary
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P removal in wwtp

Gas
Co,
Influent N; .
Effluent
Corg Norg primary treatment biological + chemical
NH, Py, Corg NH, NO; PO,
corg Corg
Norgr Norg
Porg Porg+
Pinorg
primary sludge secondary sludge
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‘Phos4You EU project demonstrators

|demonstrator ____lcountry _lsource ______lprocess |

EuPhoRe GmbH Germany  (digested) sludge pyrolysis followed by incineration
Lippeverband with German sewage sludae ashes chemical leaching followed by ion-
REMONDIS Aqua y 9 9 exchange
PULSE process, . . chemical leaching, reactive extraction,
o Belgium dried sludge s
ULiége precipitation
IRSTEA and Véolia France sewage sludge ol eeliiEsien, [n-EEnemg:
precipitation
Véolia with CIT and s
France wastewater precipitation
GCU
GCU Scotland  wastewater P uptake by algae
ERI and Véolia Scotland  wastewater adsorption of P
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‘ PULSE (Phosphorus University of Liege Sludge Extraction)

dewatered
sludge

wastewater

PULSE product
CaP

reactive
extraction

precipitated

re-extraction metals

stripping

solution base
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reactions in PULSE process (examples)

= leaching of P and metals from sludge
FePO, + 3HCl & Fe3* + H3PO, + 3Cl™

= speciation in aqueous solution
Fe3t 4+ 4Cl™ & FeCl;

Cre3+ CHyP0, Cop- _ Crecly
K =——"""5— Ko =—"41—
CFrepo, Cicl Cre3+ Ccy-
= reactive extraction of metals with organic extractant = precipitation of CaP

RsNHCL + FeCl; & FeClRzNH + Cl™

Ca*t + HPO}™ & CaH(PO,)

_ CFeCi,RsNH CCl” K = 1
Ke = S P Crgq2+ C 2—
CR3NHCI CFeClZ Ca HPO}
™ PEPs
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Solid-Liquid-Liquid Equilibrium tool

FeCl,
= charge balance /%_\
0 0=3Xocz v
= mass balances 2l FeCly
FeC|2+ 3 FeOH.
O Crot,j = DimoVi,iCi € Feoh?r Fod+ ‘
FeCl.* on- FeOHs
2 + CI
: i FeOH,,
= law of mass action — poes
0 logKy, = Yi—gvir log a; a; = yi¢; (activity)
y; = activity coefficient
L. v v ¢; = concentration
= lon Activity Product: AP = a,'ag’ i= species
J = master species
= Saturation Index: SI = logIAP - log K,
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SLLE tool simulation

1

= équéoulssp;eciles_;
CaHPO,S)  ------ solid phase E

. cr
EH,PO,

ZCa2+ _____________________________

concentration mol/I
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parameter fitting with SLLE tool
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0.9 -_K —2.85%10° = [(R;NH ), 33 TBF, , FeCly351+[Cl" ], 55

c08F " [RNHCI] “[TBP] ' [Fe* J[CI T
0.7
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505
° I
© 04|
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303}
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0.2 R ®m  experimental data ]
01 fitted curve .

0.0t ]
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‘sludge drying
dewatered sludge (20% to 22% DM)

* biologically unstable = storage & transportation issues

» pasty = requires 2 to 3 times more water & acid for leaching
(0.06€/mol acid)

« difficult to filter at low pH

dried sludge (>95% DM)
s e g + stable solid = easier storage & transportation
* mineral like = less water & acid for required .
for leaching (drying cost = 0.1 — 0.21 €/kg
dewatered sludge)
e _ad  easier to filter a7 ;
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phosphorus leaching from sludge
10 [ T T T T T T T T T T T T T T T |
09} .
> 08F 'y soluble P fraction
< 0.7 .
[$] L ]
§osf -
& 05 s
§ 0.4} -
> 0.3 —— Agion tool i
S (o [ German sludge trial SLLE tool ]
"1 acid : HCl 2 mol/I v lab experiments -
01T S/Lratio 1:4 o pilot test ]
00 L | L | L | L | L | L | L |
0.0 0.3 0.6 0.9 1.2 1.5 1.8
pH
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PULSE demonstrator
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PULSE demonstrator
= mobile unit
= capacity to treat up to
80 kg of dewatered sludge
per batch
= 5 horizontal mixer-settlers
= locations:
ULiege
Oupeye WWTP
Bo’ness, Scotland

[ =] -7, —

Quliege-michel hodersm—— e
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‘standardized settling cell
i 4
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‘general settler design concept
: v
- Coa/e coalesced
o Cence disperse phase
'0sa. Cur,
d/SDe 'O.ac/r e
rS/O/; Sq
% sedimentation
‘S | zone
< @Q
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\,§~° continuous phase
&
6\6‘
g
t time te
3 PEPs interreg M dg :
.. : CHEMICAL r\l'o.rtl'le—JV:.'stEJrgﬁa % 18 v uLnI“E,-GSIE
e o @ ENGINEERING Phos4You Wallonie




ReDrop: drop-based modeling

for each timestep: time loop
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drop-based simulation results

0.1848

24.000 48.000 72.000 96.000
time in s
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design example

average wvelocities:

inlet =
Top phase =
ave.

35.363 mm/ =,
1.641 mm/ =,

interfacial load with disp.

in settler
bottom phase
phase

1.415 mmf=
1.328 mmf=
0.0&2 mmf =

—
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settler length = 1.545 m, settler diameter = 0.250 m
inh-flow length = 0.233 m, coalescernce length = 1.311 m
- -
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reactive extraction of metals

1.0
0.9 L Cd detection
c 0.8 i limit
'§ 0.7 i
=06
» L
205
O L
8 04
50.3 Germar.l sludge
g L { solvent: Alamine 336,
0.2 i TBP & Exxal 10,
0.1 Ketrul D80
3 Cd Cu Fe Pb Zn Cd CU Fe Pb Zn E O/a phase ratio: 15 to 3
SLLE tool average pilot trial average
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solvent stripping with Ammonia solution

1.0 F -
09 F ]
[@)] L
£ 08| ]
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© - m e A v expt data/
017 SLLE tool ]
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challenges and opportunities

= precipitation during extractant regeneration - challenge in phase separation

= precipitated and dissolved metals obtained during solvent regeneration can be
further separated and valorized
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metal depollution

10k

component reduction ratio
o
—
T

0.001 |

Ca K Mg Mn Na Al
nutrients/other metals

content relative to P equal in sludge and product

i reduction ratio required ]
to meet EU regulations 3

Pb Zn

As Cd Co Cr Cu Fe Hg Ni
undesired metals
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dried filter cake

’ rayon SA. i
granulation of ground product

final product after precipitation

>

: "Prayo SA
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pilot trials summary

German sludge

Belgian sludge

Scottish sludge

sludge source Dortmund Oubeve sterlin
wwtp Deusen Pey g
sludge digested undigested digested
g 25% DM 17 to 20% DM 25% DM
P removal F(.a §alt. Bio P Bio P
precipitation
. . N Bo’ness testing
operation site at ULiege at wwtp facility
quantity treated 340 kg 280 kg 250 kg
P recovery 60 to 65% 60 to 65% 48 t0 52%
PO, 33% 31% 29 %
**% PEPs [ - P # LIE
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summary

= pilot trials conducted with different sludges at different sites

= use of SLLE simulation tool for optimization at each site
- reduction in experimental work

- optimization of resource consumption

= solvent extraction > Fe, Cd, Cu, Hg, Pb and Zn extracted

= product analysis and granulation by Prayon - sufficient P,O5 content and good

granulation, low metal content
= cost: 5 to 10 €-cent per cubic meter of wastewater

= good plant availability of P confirmed by pot trials from UGhent
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further process details

= https://www.nweurope.eu/projects/project-search/phos4you-
phosphorus-recovery-from-waste-water-for-your-life

= search for: phosforyou technical report
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