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Fresh urine
Components [mg/L]
Biosolids, Cl 6620
Urea (CO(NH,),) 4450
Food waste, Na 3240
K 1870
SO, 878
NH,-N 438
PO,-P 388
Ca 89.2
Mg 45.4
Total
Carbonates(CO,) 8.53

Struvite!ll!
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MgNH,PO, - 6H,0(s)

1. Nucleation

Ammonium
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Elements will
dissociate in ions,
depending on the
pH and solution

composition
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A comparison of struvite precipitation thermodynamics and kinetics modelling
techniques

Leynard Natividad-Marin IMA 0+ Max William Burns and Phil Schneider

ABSTRACT

Solution thermodynamics and kinetic modelling applied to struvite crystallisation—precipitation were reviewed from diverse references to
determine proximity between predicted and cited experimental measurements. These simulations show the expected variability range of
struvite saturation calculation when only limited solution compositional information is given, showing acceptable agreement between pre-
dicted and experimental struvite mass. This work also compares results from struvite crystallisation kinetic studies on liquid phase species
depletion, crystallisation induction time, primary nucleation, secondary nucleation, crystal growth, and crystal aggregation. Large inconsis-
tencies between reported kinetics were observed in many scenarios. Variations in species depletion models highlighted that they are
only suitably applied to the specific system from which they were regressed. Spontaneous primary nucleation was predicted to occur in
the range of S/=0.237-0.8. Predicted primary nucleation rates vary over at least 10 orders of magnitude (depending on supersaturation)
because of uncertainties in interfacial tension and maximum achievable nucleation rate. Secondary nucleation rates are more agreeable,
varying over approximately two orders of magnitude. Growth rates varied over five orders of magnitude due to variations in experimental
conditions. Aggregation rates are not thoroughly examined enough to make any inferences.

Key words: aggregation, growth, kinetic, nucleation, struvite recovery, thermodynamics
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Figure 1 | Activity coefficients’ prediction with different models as a function of ionic strength. Note: This plot has been elaborated by the

authors of this paper with EES software using Equations (13) and (14).
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Table 1 | Saturation index prediction of solid phases in nutrient recovery scenarios, using different databases provided by PHREEQC software package

Struvite precipitation cases and considered input data for

Prediction of Saturation Index using diverse datahases within PHREEQC

simulations minteq.vd wateq4f phreeqC sit minteq [1141] iso References

1) Swine wastewater: 23 °C, units (mol/L): Mg a)pH  0.77, (0.01)? -27.97 —27.97 1.04, (1.94)* 0.68 —28.1 —27.97 (Nelson et al.
(1.92x107), N (1.01x102), P (1.63x107) = 2003)

8.4

bypH -1, (0.61)? 2895 2895 127,(255)%(0.38)%  -1.16 -29.08 2895
= (0.45)°
8.7

c)pH  —3.09, (1.21)° -2997  -2997 022, (3.13)}, (096)>, -337 -30.11  —29.97
- (1.03)°
9.0

2) a) Synthetic digested liquor: 25 °C, pH (8.4), units 0.84 —27.82 — 2782 156 (177! 0.79 —27.87 -27.83 (Quintana et al.
(mol/L): Mg (2.62x107), N (4.50x1072), P (1.74x107), 2005)

Cl (4.64x10%)
b) Real digested liquour: 25 °C, pH (8.81), units —~2.02 (*) —2924 2024 1(¥ 218  —2929 2924
(mol/L): Mg (2.62x10%), N (4.50x10?), P (1.74x107), () ) (%) (*) (¥)
Ca (1.22x107), C (2.11x103)

3) Synthetic nutrient solution: 25 °C, pH (9.0), units —3.38, (2.4)%, —29.75 -29.75 -0.70, (4.21)!, (2.29)2, —3.78 —29.81 -29.75 (Le Corre et al.
(mol/L): Mg (3.5x107%), N (7x1073), P (7x103), CI (0.25)* (2.10)%, (0.18)* 2007)
(7x107)

4) Raw wastewater adjusted with chemical reagents: 37 ° ~1.30, (5.61)% —26.86 —26.86 1.36, (7.09)%, (6.64)?, —1.56 —26.45 —26.86 (Tiirker &

C, pH (8.5), units (mol/L): Mg (1.00x10™), N (1.00x10"  (1.83)* (¥) (*) *) (4.96)%, (1.61)* (*) (*) (*) (*) Celen, 2007)
), P (1.00x10Y), Ca (5.29x10%), K (5.50x102)

5) Synthetic supernatant: 20 °C, pH (8.51), units (mol/L): 1.12 —28.06 —28.06 1.35 (1.18)! 1.07 -28.31 —28.06 (Rahaman et al.
Mg (1.28x107), N (4.28x102), P (9.85x10™) 2008)

6) Synthetic nutrient: 25 °C, pH 8.0, units (sz0l/L): Mg 2.09, (1.23)%, —2574  -25.74  2.07,(3.08)}, (1.16)%,  2.04 -2580 —25.75 (M. Igbal et al.
(8.27x107), N (4.78x102), P (6.52x107%) (0.44)* (0.97)%, (0.38)* 2008)

Notes: Struvite S/ are the unparenthesis values; and parenthesis values with superscripts indicate:

Additionally: (*) Positive saturation index in solid phases containing Calcium.

(1) Bobierite Mgs(P0O4),.8H,0, (2) Magnesium Phosphate Mgs;(PO,),, (3) Cattite Mg3(P0,4),.22H,0, (4) Newberyite MgHPO4.3H,0.

https://natividadanalytics.com/
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Figure 2 | Struvite precipitation from real digested liquour (case 2.b in Table 1) by discussing struvite 5/ at non-equilibrium (a), dissolved P (b),
and struvite (c) at equilibriurm conditions.
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3.5 4 4.5

Figure 7 | Crystal linear growth rate comparison. Dashed and solid lines represent batch and continuous reactors, respectively. Circles
indicate Cpo, < 5mM, squares indicate 5 mM < Cpp, < 10 mM and triangles indicate Cpp, = 10mM. Filled and unfilled markers represent
seeded and unseeded scenarios, respectively. Uncertainties in kinetic parameters were incorporated where available and significant enough

to be visible.
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What have we learned today?

i. Importance of the nutrient recovery topic around the world.

ii. We explored useful models to predict nutrient recovery.

iii. We learned the importance of computing tools (software) to estimate chemical
speciation and then saturation index.

iv. We assessed the basis of solution thermodynamics and some ways to validate

equilibrium equations selection

https://natividadanalytics.com/
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ACERCA DE NATIVIDAD ANALYTICS: nalytics

Natividad Analytics, fundada en 2022 y liderada por Leynard Natividad-Marin, Ph.D., es una consultoria y
proveedora de educacion con sede en Australia especializada en/ingenieria de sistemas de procesos (simulacion
computacional) aplicada a procesos quimicos, con un proximo énfasis en ciencia de datos e inteligencia artificial.
Con una profunda experiencia en disefio de procesos quimicos, modelado orientado a tareas, recuperacion de
nutrientes y tratamiento de aguas residuales, ayudamos a .industrias, investigadores y universidades a optimizar
procesos, mejorar la sostenibilidad y convertir datos complejos en informacion accionable. También impartimos
cursos de ingenieria en linea atractivos y flexibles que hacen que los temas desafiantes sean prdcticos y
agradables. Ya sea que necesite soluciones avanzadas de analitica, herramientas de modelado personalizadas,
desarrollo profesional, Natividad Analytics entrega un soporte experto y orientado a resultados, disefiado para
acelerar la innovacion y el éxito en la ciencia y la ingenieria en todo el mundo.

Contdctenos en leynard@natividadanalytics.com para discutir como podemos colaborar con usted.

AUSTRALIAN BUSINESS NUMBER (ABN): 53122710246
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ACERCA DEL EXPOSITOR Y GERENTE DE “NA”:

Leynard Natividad-Marin, Ph.D., es un investigador peruano-australiano y profesor en el
College of Science and Engineering de la James Cook University (JCU — Australia), ademds de
instructor en linea ocasional para universidades en Peru. El Dr. Natividad es Ingeniero Quimico
egresado de la Universidad Nacional del Callao (UNAC-Peru), posee un PhD en Ingenieria
Quimica (enfocado en modelado matematico avanzado 'y estudios experimentales para la
recuperacion de nutrientes de orina separada en la fuente) de la JCU y un Madster en Ciencia y
Tecnologia de Alimentos (UNAC — Peru).

El Dr. Natividad-Marin aporta una profunda experiencia en disefio de procesos quimicos,
modelado orientado a tareas, tratamiento de aquas residuales y recuperacion de nutrientes.
Su objetivo es sequir mejorando profesionalmente para contribuir a la sostenibilidad mundial
mediante la aplicacion de conocimientos de ingenieria quimica, mientras comparte
continuamente su conocimiento a través de conferencias técnicas internacionales organizadas
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por “The Institution of Chemical Engineers (IChemE)”, “The American Institute of Chemical i

Engineers (AIChE) - PROCESA” y “The International Water Association (IWA)”, entre otras.
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Por favor llenar el siguiente
formulario con sus datos
comunicando sus dudas, apreciacion
de la ponencia brindada y si gusta
estar al tanto de los

productos/servicios de NA.

Se lo agradeceré mucho.
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