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Motivation: closing the phosphorus cycle
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Vivianite is a major sink of FeP in sewage sludge

Iron
addition

20-30 days
of digestion

70-90% of the P
can be in vivianite
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phosphate mineral in digested sewage sludge and its role for phosphate recovery. Water Research, 144, 312-321.




Questions to be answered during my PhD

« What are the factors limiting the growth of vivianite in sludge?
* How can the vivianite be recovered from sludge?
 How to promote vivianite formation in WWTPs?

« Can vivianite crystallization be used for phosphorus recovery from manure?
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Vivianite growth is limited by thermodynamics
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Vivianite growth is limited by thermodynamics

Assumptions:

- Metastable zone SI=1-1,5

- For struvite, NH,* = 700ppm
P=Mg

- For vivianite, P=Fe
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[APyivianite = (Ape2+) (apof‘)
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Concentration of P, Fe and Mg (mM)

= Struvite Sl=1 Struvite SI=1.5 Vivianite SI=1 Vivianite SI=1.5
Struvite:
3 0,53 mM
16,4 ppm of P
2.5
2
1.5
1
Vivianite:
0.5 0,0013 mM
0,04 ppm of P
0
0.5
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[APstryvite = (aNH4+) (aMg2+) (apog—)
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Gravity-based separation was not possible

* Vivianite crystal size between 20
and 200 um

* Morphology: assembly of plates
* Density of 2,7

« Gravity-based separation intented
with hydrocyclone and Humphrey
spirale...but failed
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A new hope: paramagnetic properties of vivianite

* Vivianite presents a crystalline
structure in sludge

. Fe(I)3(PO,),*8H,0

« Electronic configuration: [Ar]3d® 4s2
= 4 unpaired electron

* Vivianite is paramagnetic!
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Vivianite can be recovered magnetically and splited
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treatment

Fe hydroxide
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The upscaling of the separation was possible

Lab-scale Bench-scale Pilot-scale
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The upscaling of the separation was possible

Concentrate
Flush

Vertical

carousel «  Operated at 1m?h of sludge being to
20,000 people

« Determining parameters:
: — Pulsation frequency
1] «—— Electromagnet .

Coil — Rod diameter

Magnetics Slurry bath level

Pulsation
[ — Mechanism

* Vivianite recovery: 80%

e Grade: 70-80%
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Vivianite formation can be promoted by increased Fe dosing

Fe contentin DS M P present as vivianite in DS

100 100%

* All the extra Fe
dosed turned into
vivianite
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Additional Fe dosing had other benefits for the WWTP

860 kg/day
Fe dosing: 1

‘ 494 kg/day

Influent Effluent 1.28 ppm
> A-stage [ B-stage > P: |
0.42 ppm
Biogas
26 ppm
HzS:
Y Y 8 ppm

50 %
P in vivianite: T
20%

Sludge

WWTP Nieuwveer (Breda, NL) : 400K p.e.
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Overall concept of vivianite recovery for WWTP

Fe coagulant Reuse of Fe

1 Secondary treatment

Coagulant
plant

a

— —»E—p Lower P in effluent Fe(OH),
Primary KOH
treatment

A 4

Increased primary sludge

Higher biogas
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> Alk_al_lne » K3PO,asfertilizer
splitting
Optional Di fviviani
Upgrading =0 Direct use of vivianite

Vivimag® —PE—V Reduced sludge volume

Patent owner: KEMIra

T. Prot, W. Pannekoek, C. Belloni, A.l. Dugulan, R. Hendrikx, L. Korving, M.C.M. van Loosdrecht (2022). Efficient formation of vivianite without anaerobic
digester: Study in excess activated sludge, Journal of Environmental Chemical Engineering, Volume 10, Issue 3, https://doi.org/10.1016/j.jece.2022.107473.
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Phosphorus mass balance using Vivimag

WWTP
Ca 90% removal of P

Effluent
IT(')%%/N Sludge to Sludge
0 .
dlgeoster Vivianite
90% 75% Recovered
vivianite

Fe-dosing —

Digester ViviMag®
Formation of vivianite 80% recovery of
(up to 80-90% vivianite in sludge

of P in sludge)
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Research projects not discussed today

Efficient formation of vivianite without anaerobic digester:
Study in excess activated sludge

Formation of vivianite in iron-amended pig manure and its
subsequent magnetic recovery

Vivianite scaling in wastewater treatment plants:
Occurrence, formation mechanisms and mitigation solutions

T. Prot, L. Korving, A.l. Dugulan, K. Goubitz, M.C.M. van Loosdrecht. (2021). Vivianite scaling in wastewater treatment plants: Occurrence, formation
mechanisms and mitigation solutions, Water Research, Volume 197, https://doi.org/10.1016/j.watres.2021.117045.
T. Prot, W. Pannekoek, C. Belloni, A.Il. Dugulan, R. Hendrikx, L. Korving, M.C.M. van Loosdrecht (2022). Efficient formation of vivianite without anaerobic
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Loosdrecht, M.C.M. Formation of vivianite in iron-amended pig manure and its subsequent magnetic recovery




Follow-up research after my PhD

» Deeper understanding of the magnetic separation at pilot-scale: oxidation of vivianite,
crystal size, sludge viscosity

« Demonstration installation in 2024 in Breda
* Finding uses for vivianite: Fe-fertilizer, pigment, LiFeP batteries...

« Applying what we have learned about vivianite to phosphorus recovery from animal
manure and lake sediment
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Thank you for your attention!
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Any guestion?
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