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Nutrient: Use Efficiency

= fertilization not:to' be'regarded

a mere chemical supply’ off nutrients (mass' balance) bul; as’ a' stimulation practice of: the
plant; biologicall functions

secondary’ raw: materials: and organic wasies

- Syntnetic chemicals

= Administration reduction (low release fertilizers: SCU, Sulphur Coated Urea, Struvite;
controlled release fertilizers: polymer coating)

economy

=) Circular

~Run-off (NO3) and! volatilization (NH3)
-Soil pollutiant: burden (eg: Cadmium)

Organoleptic (es: dimension, homogenicity, fuit colour)

Tiechnologicall (es: protein content’ off durum wheat, malfing barley, ecc..) inierreg B LR
it 1 editerranean
Nutritional (es: nitrate eccessi on leaf vegetables) = ol

Green' labelling
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MARP: MAGNESIUM-AMMONIUM-
PHOSPHATE PRECIPITATION

THE MAP PROCESS IS BASED ON THE PRECIPITATION OF THE
AMMONIUM ION ACCORDING TO THE FOLLOWING REACTION

Mg,* * +NH,+ PO,% + 6 H,0 - MgNH,PO, - 6H,0 {
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The crystalline precipitatin of struvite is strictly dependent on the reaction pH
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EXPERIMENTAL PLANT AT THE AD DIGESTION § il
STATION IN BETTONA (ASSISI)
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andisi r&s tecnologie ambientai

Plant details

SENSORS

Electronic
control unit

1 |

Electrical control panel
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Organic Struvite-
Enriched Precipitate
O-SEP

MAP - mixed liqu

or (slurry)




Project co-financed by the European
Interreg - R:egjie:nacloD;velr;C:mer}\ltF:ndwo ’
/Mediterranean ==
# RE-LIVE WASTE

e High thermodynamical stability
(weight loss 53% @ 200°C — DSC and
TGA measurements)

* MAP water solubility is very low and
pH-dependent. Below 10 C°is
ratically insoluble. pKSO
Conditional Solubility Product) varies
from 5,4 @ ]SDH 6,3, to7 @ pH 7 until
94 @pH9,5.



~— NH, ABATEMENT EFFICIENCY

Run Data RM NH4 ini | NH4 fin | Eff abbattimento
NH4:Mg:PO4 mg/I mg/I %
1 23.12.04 A 930 450 51,6
2 18.01.05 B 1503 432 71,3
3 01.02.05 C 860 420 51,2
4 02.02.05 B 917 200 78,2
5 03.02.05 D 990 220 77,8
6 04.02.05 A 765 460 39,9
7 17.03.05 = 900 270 70,0
8 17.03.05 E 1560 325 79,2
Interreg E ° 100595 = 1% >0 Bls
Med'te":"za:_L;;;ASTE 10 18.03.05 E 1288 350 72,8
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A number of factors affects the  QUALITY of a crystalline product

P -

effectiveness of downstream processes _commercial value of the final product

Quality factors (crystal properties)

«  CSD--> small crystals have a higher
tendency to caking

. Particle surface area
«  Crystal shape
*  Polymorphism

Processing characteristics

Filtration

Drying rates

Particle flow-properties

Bulk densitiy

Packing characteristics (e.g. propensity

«  Mother liguor inclusions in the crystal
(can lead to breakage)

«  Impurities uptake
- Degree of agglomeration

PARTICLE DESIGN I

> {0 cake)

Ice-cream texture affected by crystallization
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One way of driving the characteristics of crystals within a crystallization
~_proeess is through SEEDING, that is by introducing foreign particles in
- the system to promote crystallization in the right way
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“e To inhibite supersaturation avoiding the onset of an

excessive profliferation of crystals bearing low mean

dimensions

* To control induction time (time elapsing btw.

supersaturation and crytal growth)

* To act as a «template» for the accumulation of

crystallizing material

* To control particle properties (polymorphism and CSD)



SEEDING CAN-OCCUR WITHOUT WE WANTING IT_..—

e The most natural form of seeding is the so-called «secondary
nucleation» that occurs when the already-formed crystals coming up
from the primary nucleation (parent crystals) break into new nuclei

* Seeding can also occur naturally for the unavoidable presence of
foreign particles (dust, dirt, etc...) which is more than highly likely in
manures, digestates and other solid-rich matrices. In this case we refer
to «heterogeneous primary nucleation»

...BUT CAN BE TRIGGERED TECHNOLOGICALLY
e Factors affecting technological seeding procedures:

e Number and size of seed particles

e Surface area
e Isomorphism

1 1 171 i nterreg M i i
e Seed purity and inertness to crystallizing liquor erreg W
e Addition timing § RE-LIVE WASTE

e Seed quality and form (e.g. micronized, milled)
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Spontaneous nucleation Coolmg crystalllzatlon
evaporative crystallization 0.1% seeds

Cooling crystallization Cooling crystallization
0.5% seeds 1% seeds

Particle size of a crystalline final product as a result of the variation in seed amount
Aeedlngmm%@ff4f4h&pari4d&numbeuemamsmnstantwﬂhparﬂcl&sm&ncreasmg-%

crystal growth and no nucleation



Different seed material used in struvite precipitation and their effects on recovery (1)

Lource of struvite

Seed size{pm)

Effects on struvite production

Reference

5. Mo, Seed used
/

1 Struvite

2 Coarse sand

3 Fine sand

4 Borosilicate glass

5 Sand grainfquartz
particle

B Phosphate rock

= 7 Yrainless stoel

H I Pumice stone I

synthetic liguor

Synthetic liquor and
Sludge from
wasiewater plant
Landfill leachate

Synthetic liquor

Swnchetic liguor

Coking wastewater

Syntheric wastewaters

synthetic ligquor
Fertilizer wastawatear

Synthetic liguor
Synthetic liguor

Synthetic liguor
Sludge liquor in
wastewater plant

Synthetic liqguor

Dairy effluent
Synthetic liquor

synthetic Hquor

100G

45-63

75-150

MR

250500

NR

NR

2050
MR

200-300
150-200

45-63
210-350
45-53

MR
1000 m hole

ME

DR T —

» Production of struvite fine as product

s Seeding is insignificant (process appeared
“self-zeeding™)

» Crystals have similar shape with seed {no
phaze transformation during growth |

» Effectiveness of seed requires consideration
af pH {pH 9 being optimum)

= Enhancement of crystallization by 19% at low
P concentration

= Increased crystal size, s=tile ability

+ Mo enhancement of P recovery and reduction
in induction time

» Increase in recovery by approximarely 5% (at
pH9.5)

» Mo effect of overdosing of seed on recoverny
{pH 8.5]

» Reduction in induction time upto 75 min
depending upon super-saturation

« Similar shape of struvite with seed

» Increase in rate of crystallization (by 21%)
and size of crystal {from 1.72 to 208 nm )

« Mo fixation of struvire on sand surface

» Strong primary muecleation and formation of
fime

= Slower reaction rate compared to Struvine
seed

» Recovery of 30% of P onto seed bed

» Slower reaction rate compared to Struwvite
sesd

» Mo effect mentioned on crystal

» Mo significant increase in crystallization

« Feduction in struvite fine particle

= Mo effect of seed dosing on recovery

« Co precipitation of Ca & silica on seed

Regy et al, { 2002)

Ali {2005}

Eim et al, (20065])

Liu et al, { 2008

Rahamam et al. (2003

Lhang et al. {2009

Li et al (20771

Mehta and Barstone (201
W et al (2013

Begy et al (2002
HBegy ot al. (2002 ]

Ali {2005
Bartistoni et al. [ 200481
Al [ 2005)

Massey et al (2007
Le Corre et al. {2007

Pakdil and Filibel {20087

91




Different seed material used in struvite precipitation and their effects on recovery(2)

/

L FHT
materials

Synthetic
materials

__——
Sed Size of Leed Effectis on P recovery Source of P[P Recovery Products HET FPhosphate recovery Reactor types  Development scale Felere noes
sid (im) dose (giLl) conmcerfraticn) produets  sa@e {wm) potential
Grainfguartz 210350 =12 Fixarion of P on seed Shudpe Bquor in MLAP = Ahout  Recovery of B0 of P FBER Laboratory-scale Harhstam
particke bed wastewater plant (30 10k min onfo seed bed o al, {20000
—&mg BrL)
Fine sand 150—200 - Stroang primary Synthetic quor (250 MAP - Dwer Strong primanry SR Laboratory-scale Megy er al. {3002
nuclearion and 200 mg PILY 100 min mudeation and
formation of e formation of fine
Shruvite - - Seed crystal inoculation Fertilizer wastewater  MAP Rt Aboit  Enbaccement recovery  Baich MAP Laboratory-, pitot-, and Yo et ab (2013
increased the rate of (-] Amn rate by 5T aed reactor Full-scale
MAF crystallization by crysiallization zize
2086 cxmpared to un-secded
condithons
Srruvite 533 —297 - Crystals hawve similar Syntheric wastewarer  Soruvite  SD—1700 95 h High P-recowvery rate up FRR Latsoratory-scake Shih ar al, (2017
shaps with seed: (300 mg PYLY o G5 8% low
Proqnote SIruvice micrncrystalline ratio
crystallizanon e L11E
Struvite - - Seif-seding by auto-  Wasrewater from the  srruvite 2010000 13860 High Porecovery rate up  Sic-lift reactors Laboratory-scale Tarrago et al. (200 6}
cry=taliization wastewater treatment o 95.4%
plamt of Girona {Spain
(3685 = 14.% g PIL)
Caboue 150210 30 Precipitating crystals  Anaerchic supernatant  HAP 26.32 35 min  Recovery efficiency as  Sertes-coupled labotatony- and pilot-  Dai er al. £ 2016]
o the surface of seeds: (17.5—-2E.2mgPiL} Figh 3% 05 52% air-agitated scale
dissalving Cat’ crgstallization
reacters
Snail shall - e Providing the required  Synthenc soletion {25 HAP - 2h High sorptiom capacity  Batch reactor  Laboramory-scale Ciladoia er 3l 12001 2}
medar concentration af  — 300 mg/L) of the 55 for P
Ca?* and reducing cost 12222 mgig) and the P
of The chemicals for P laden 55 can be weed as
crysrallizamon sol conditioner cumn
fertilizer in agriceltural
practices.
125198 2 Dissolvimg Ca®*, co- Synthetic selupons FLAP - 3ih The recovery rare of FER Piloc-scale Gt al 231 5)
precipitatiodt of Ca and (3.5 mg F/L) phosphorus reached
P on seed 24 Bx
GO0 - [reposition of Ca-P onro  Wastewater froan the  HAP — 1h et abed Fizxed bed Laboratory- and pilot-  Berger al (20HES )
—1300 e seed material biologheal WAATP crystallization products coiumn and 58 scale
St ace (10 mg FILY af up to 13% Poror [ 305%
Pyl
Converter slag 150—180 1.7 Uzed a5 a seed For Ca-P Synchetic solution HAF = 3h The removal efficiency  Batch reactor  Laborarory-scale an oF al s AN
crystallization; strong (Z5mgflL F) of F up o 952 and
affinity o P Eenerared
crystallization products
of up tel4.5% P-rtor
(3322% Pl
Poroas CSH =75 .. Ca** and OH release  Synthetic P salution HAF — ih Fhosphorus content of  Barch reactor Laborstong-scale Coutan ef al 2001 3t

from CSH for P

(100 mg FLY

A-CSH reachesd 18.64%



Q &,
0

Pr : % N
nterreg B £ i kb

inalisi r& r g ymbiental
-financed by the European EEE=E== =
onal Development Fund —== = E=_: __E S
= 2 o T
7 editerranean _owo / ’ B S T E 5 T

€ RE-LIVE WASTE

REL-LIVE WASTE
STEERING COMMITTEE MEETING

Limassol, 22"d October 2019

Sereco-Biotest - Italy

TRAINING

Part lll Alternative Mg and P sources for struvite
precipitation

Dr. Biologist Luca Poletti —
Dr. Agr. Roberto Poletti




~ Alternative Mg sources

for struvite production

Troia seaveaber

mumichpal-skudge

T=1:0 ) bas w0 @ flec] om recovery

tham using Mg
chemical

5. Mo Mg Sarce Source of sIruwine Pl cnbeEnt Mg P i Phosphate Eey Timdimgs CaosE Reference
rECoeEry (]
Coboe manislacmianing Al mgl-' 1:1 s a4 Similar recovery =lFciency as MR Shan amwd Lee { 15997
washewater MEC s
' Birtern Landfit] bes hage 8230-24800mgl-1 111 11 NR Cumparable struvite NE Li amd ¥hao (20032
precipitation sfficenoy with
MeCl B MESO,
Biologically created 23,000 g 1 1.3:1 5.6 6 Birterm is maore affecrive 5 P R Lee et al, § 2003}
SWine wasiewarer recovery than MHE" recowveny
Urine 7.5 1.1:1 HE a8 Bloere cosr effective im coastal 03 USOy kg scruwine Eter &t al. {2011}
arens
Wastewater from coke 1136mgl’ 1:1 105 a5 Same F recossery efficiency as (o] Skl and Lee [ 1997)
7 Gea e uEsCluring process Pl
warer Side-stream of water 1350mgl—' 1J6:1 amd 2211 TE-0.4 70 Hagher Mg PO, {>1.5:1) (L1 mlarsumiya er al.
Ireabment plant nece=ssary for marne than 708 P [ 2060
FECTE Y
Muifiicipal Waste waber 1250 g 1 1.6-7.4 g4 Highser Mg POy 3 (>1.5:1) .55 Sk struvibe Humasharo et al,
stream o waber NECeERATy for Sralilized and L EL N
Treaiment plant easy FF recoveny
Biologically treated 1200mmg 1" TA6:1 &) 81 Symilar recowery efficiency as MR Lee er al. {2003 )
swine waslewater Mgt {T5X)
3 Thermally Filtrate of wastewarer 6M.7gkg! 2571 R.5-5.& L1 Pl higheer Pl PO P manilar [ot118 Qi Lana =8 al.
decompaosed shlge ratio for effective recowery (31714 ]
FHApnesibe
[ Migil]
4 Erucine Hare—earth wasiewater 650 g kg i H5-0.5 ay Bracine cam be used as liguid, MR HAuang et al
solid Mg source. Reuse of L REY]
brucioe & possible
Laned il leachate 300E kg MH 26 MR L Acid dissadurion af magnesite 1% cost reduction Ciusnay &1 al, { S
5 Maznesite increase Aruvile recovery by rhan using Mgl
Sy
Rare—pambh wasnewales g kg-! 1.7 5=92 Up i 5597 Thermal decomposed 24X cast redustion Huzang &t al.
magnessie is cost #ffective rhan 1hen usang MgCl; (301 Da, ]
acid dissolved magnessle
Lirine Fadghg ! 1z1:1 ME oo Cheaper than bHItenn and 1.2 USDYkg struvite Erterer al. {201 1)
el 5y
& SETUITE Pigmery wastewater 53 gk 25 E-A.5 a6 Similar effecrs an recsveny as B1E oost reductson Huarsg et al
TSt vl Mg sale tham wsimg MaCla (2071b}
7 Liriane 4gkg’ 2T 25 =i} Presence of imparity such &% O S —-(o0% S0 kg Sakrhbwel er 31
calcite, heavy metal im prodace BEFLIWTE (20113
-] Sy Bl Synthetic wastewmater, V445 il |-° i:1 A a5 Effecrive as Mg sounce gt pid, MK Fowaha &1 al,
marrofilltrazion Real wastrwarer afganic matter influence puricy {2002}
brime from ol prodiic
seawraber
=] Drsalimared Symithelic centrate 1555-23F5mg ! 2-1 &8 R-B85% Lp e 55 Fresenoe of oilwer bng (Ca, Mal B Fartah and AP
— TEEECT W P i relect water reduces [ B e
recoveTy efficiency
L] Mg 18} soluticn Supernatant ol a &mg-" 11 FE7, 83 a0 Higher dose of Mg Py FSE oot reduction Labaw et all {201F)




Composition of alternative Mg sources for struvite production

Wood ash, ppm Bittern, ppm By-product of MgO Magnesite, ppm Magnesia (MgO), Seawater, ppm
production, ppm ppm

Mg 34,200 9220-44,000 676,700° 940,000° 898,000-634,000° 1010
Ca 27,400 10-650 95,800¢ 10,000-15,000° 15,000-87,000¢ 950
Al205 10,800¢ 3700 2000
Fe:0, 6090° 26,300 3000-8000 24,000
SO, 12,300 3300-60,000' 39,500 38,000
Si0; 26,000 7000-38,000 32,000
K 74,600 1900-12,300 207
Mn 19,300
Na 5160 3200-78,100 9658
Zn 2670

~Cr 1290
Cu 1050
Pd 590

¢ Ni 49
Cd 28
N5 17,400-202,000
Br- 5300
Reference Sakthivel et al. (2011) Li and Zhao (2002), Quintana et al. (2008) Gunay et al, (2008), Romero-Gilizaa Li and Zhao

Etter et al, (2011), Huang et al. et al. (2015) (2002)
Huang et al. (2014) (2010b)

* As MgO.
b As MgCOs.
© As Cao,
4 As AP,
® As Fe,

f As 5042" :



~ Ternary composition-diagram for blas

poasibie cherscal compos Lian

pheE] TeEa v 100
SO0 + SiD,» (MgO-Acdr = B7 %

saiscied  typecal” sing
F Card + S+ (A =A8 O ) = B W

t furnace slag
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Pork bones
Turkey bones
Goose bones
Poultry bones
Duck bones
Beef bones

Fish bones

Ash from the combustion of activated
sludge

Meat and bone meal

.
£
&
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REMONDIS TetraPhos®
Mass balance phosphate

Input
Output Mg P B2 Mg P
Qutput %
Pay attention to:
Disposal -

* Composition
e (Contaminants

® Procedures of mineralization (acidification)

100 % Ash
':.ll .1 5':} "."1':] F':u

i

Gypsum
(70 Mg #)

Wash water
{75 Ma Pl

Phosphoric acid
(1.643 Mg P
N

80 %

+ Recycling

= Recovery
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Micriobiological P solubilization

Acidithiobacillus ferroxidans is a
chemolitrotrophic and autotrophic PSB that oxidizes
the ferrous ion thus inducing the chemical oxidation

of S and S% in FeS, CusS, FeS,, and producing
SELECTION OF PRODUCT H,SO, that, in turn, causes the bioleaching of P and
P ¥ metals (like As)

P N p
BONES  FISH BONES

5CaS0,-2H,0 + 3H,PO, + H,0

+ 3H,PO, + HF

THE CHOICE OF THE MICROORGANISM
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Intrinsic properties of crystals —
|

* Investigation of crystal structure
e X-Ray Powder Ditfraction (XRPD)

» Based on Bragg’s law

d sin®

o Effective in distinguishing polymorphs

« Problem with preferental orientation--> if particles are nonspherical (e.g. plates or
needles) and are not randomly oriented some lines in the XRPD may become
greatly attenuated or even disappear

« Sample preparation crytical 6000 - - - - Paracetamol
p p p y ' Form 1
i — Paracetamol
£ 4000 - i Form 2
o i
; :
XRPD is able to differentiate between polymorphs 2000 - E
0 NI <-in-:zf::‘rmww A :"' —?_."_-}7..13%
5 10 18 20 25 30 35 40

2 Theta angle [°]
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Intrinsic properties of crystals —
|

* Vibrational Spectroscopy (Raman, IR, NIR)
e With ATR-IR no sample preparation needed
e Raman and NIR spectroscopy can be applied for online monitoring

e Solid-stare NMR (ssNMR)

e Powerful tool for R&D but not particular suitable as a routine
techenique for QC for being time-consuming and expensive
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- Thermodynamical properties™ *

e Differential Scanning Calorimetry (DSC)

e Melting point and enthalpy are essential to describe a solid form

N
o

35 -
30 1
25 1

20 - 28 kJ/mol
15 - \

104
5 .
0 e T EEEIFEFTEEE a 4. .......
'5 I I
100 120 140 160 180 200
Temperature [°C]

* Isothermal microcalorimetry

169.0 °C

Heat flow [mW] (endo: positive)
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e Determination of amorphous content



o

Composition

* Thermogravimetry (TG, TG-FTIR, TG-MS)
* Dynamic Vapour Sorption (DVS)-=> hygroscopicity

Characterization of Particle Shape and Slze

iierrey n

/Mediterranean _ ===

# RE-LIVE WASTE

Microscopy (optical, electron) L ons
Beam
Laser light diffraction (Fraunhofer) m@ﬁé,/ e
SleVlIlg Laser ) =
cell
Det;ctor
Figure 8.15 Principle of Fraunhofer diffraction instrumen t.

LLD and Sieving give similar results for

spherical particles but differ significantly 100%

for rodlike and platelike

¢3,Q3

Typical result of a PSD obtained by laser light diffraction

80%

60%

40%

20%

0%
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Methods:

Hausner Ratio or compressibility index--> Bulk volume and Tapped volume

i o — Vi
ausrner ratio = v,
Vo— V
Compressibility index = 100% Dv -
i

Anqgle of response

2 x heightof cone
diameter of base of cone

ana =

Powder rheometry
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Appendix A: ParticleTrack with
Real-time quantitative characterization FBRM® (Focused Beam Reflectanc

Through backscattered laser beam whose Measurement)

Pulses determine a statistical distribution
Measurement for optimization in real time — ParticleTrack is a precise and sensitive

Of the Partlde dlmenSIOnS technology which fracks changes to particle dimension, particle shape, and particle count.
. . . ~ Over a wide detection range from 0.5 fo 2000 pym, measurements are acquired in real fime
(ChOI'd 1engths dlStI‘lbuthn) while particles are forming and can still be modified enabling process optimization and

: , ; i FINGERPRINT
control. No sampling or sample preparation is required — even in highly concentrated (70 %

and higher) and opaque suspensions. /
I i B I : M@ www.mt.com/ParticleTrack
_ & \

Highly suitable method to monitor

L

Seeded crystallization processes re & Deintutons
Suitable for
QUANTITATIVE
MONITORING —
Figure b.

Figure d. Trended
Statistics




In - process

PVM®

Qualitative monitoring

Light Source

Camera

How does ParticleView work?
ParticleView uses a high
resolution camera and internal
illumination source to obtain
high quality images even

in dark and concentrated
suspensions or emulsions. With
no calibration needed and easy
data interpretation, ParticleView
quickly provides critical knowledge
of crystal, particle, and droplet
behavior.

PVM Optics

Sapphire Window

A

Particle System
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