
HAL Id: hal-02441927
https://cea.hal.science/hal-02441927

Submitted on 27 Feb 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Comparison of the method of classes and the quadrature
of moment for the modelling of Neodymium Oxalate

Precipitation
J.-Ph. Gaillard, S. Lalleman, M. Bertrand, E. Plasari

To cite this version:
J.-Ph. Gaillard, S. Lalleman, M. Bertrand, E. Plasari. Comparison of the method of classes and the
quadrature of moment for the modelling of Neodymium Oxalate Precipitation. ATALANTE 2016,
Jun 2016, Montpellier, France. �hal-02441927�

https://cea.hal.science/hal-02441927
https://hal.archives-ouvertes.fr


0,00

0,05

0,10

0,15

0,20

0,25

1,0E+00 1,0E+01 1,0E+02 1,0E+03

L ( µµµµm)

Experimental

QMOM

Classes

0,00

0,05

0,10

0,15

0,20

0,25

1,0E+00 1,0E+01 1,0E+02 1,0E+03

L ( µµµµm)

Experimental

QMOM

Classes

0,00

0,05

0,10

0,15

0,20

0,25

1,0E+00 1,0E+01 1,0E+02 1,0E+03
L ( µµµµm)

Experimental

QMOM

Classes

[1] M. Bertrand, P. Baron, E. Plasari, B. Lorrain, France Patent, 2004a.
[2] M. Bertrand-Andrieu, E. Plasari, P. Baron, Canadian Journal of Chemical Engineering, vol. 82, pp. 930-938, 2004.
[3] W. K. Burton, N. Cabrera, F. C. Frank, Mathematical and Physical Sciences, vol. 243, pp. 299-358, 1951.
[4] B. Koren, Numerical Methods for Advection–Diffusion Problems, Braunschweig: Vieweg, 1993.
[5] J. Litster , Chemical Engineering, 41, 591–603., 1995.
[6] S. Lalleman, M. Bertrand, E. Plasari, C. Sorel, P. Moisy, Chemical Engineering Science, vol. 77, 2012a.
[7] S. Lalleman, M. Bertrand, E. Plasari, Journal of Crystal Growth, vol. 342, pp. 42-4949, 1 2012b.
[8] A. E. Nielsen, Oxford, 1964.
[9] M. Volmer, A. Weber, vol. 119, pp. 277-301, 1926.
[10] J.P. Gaillard J.P. & al., Study of Neodymium Oxalate Precipitation in a Continuous Mixed Suspension Mixed 
Product Removal, AIDIC, Chem. Eng. Trans, Vol 32, 2113-2118, 2013

CEA, Nuclear Energy Division 
RadioChemistry & Process Department

30207 Bagnols sur Cèze, France

French Alternatives Energies and Atomic Energy Commission

Centre de Marcoule | BP17171 | 30207 Bagnols-sur-Cèze Cedex

T. +33 (0)4 66 79 18 77| F. +33 (0)4 66 79 60 27

Comparison of the method of classes and the 
quadrature of moment for the modelling of 

Neodymium Oxalate Precipitation
J.Ph. Gaillard a – S. Lalleman a – M. Bertrand a– E. Plasari b

a CEA, Nuclear Energy Division, RadioChemistry & Process Department, French Alternatives Energies and Atomic Energy Commission, F-30207 Bagnols sur Cèze, France
b Reaction and Chemical Engineering Laboratory, Université de Lorraine, 1 rue Granville BP 20451, 54001 Nancy, France

Références

Introduction

Oxalic precipitation :
to deal with radioactive waste and recover the actinides 
lanthanides � To facilitate the development of experimental methods 

Modelling approach :
Experimentation ���� Thermodynamics + kinetics & numerical methods

[1] [2] [7] [4] [5]

Nd2(C2O4)3·10 H2O obtained for  precipitation different conditions
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Experimental Study
Continuous experiments

Short mean residence time ≈ 1 min ���� high S

Constant agglomeration kernel : ββββ
Scanning Electron Microscopy ���� crystal size
distributions

MSMPR 
Continous precipitation until steady state

V = 200 ml
Temperature = 20 °°°°C
four stainless steel baffles
stainless steel four 45°pitched blade
turbine°���� Np = 1,5 H = T  \\ D = T/3  \\ h = T/3   \\ b = T/10

γ&

Two population balances

N
tr/min

CNd,0
mol·m-3

COx,0
mol·m-3 s-1

L4,3
µm

Run 1 1000 142,2 213,7 362 65

Run 2 2000 142,2 213,7 1024 41

MEB observations of
Loose agglomerates

Loose agglomerates

Main results
Comparison of volume fractions at 5 τ

1000 tr/min 2000 tr/min

Crystal size distributions ���� Experimental vs. Predicted

L (µm)

Conclusions
Kinetic laws (RN, G et β) and loose agglomerates from experimental runs

Two population balance models : solved by the Method of classes and QMOM
Both methods compared well with experimental data during transient and at steady
state
QMOM requiered much less computational effort and is preferentially used with the
reconstruction method detailed in [10]
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Thermodynamics et kinetic laws

1,16·10-14 mol5·mol-5

Supersaturation ratio (S) ���� The driving force of the precipitation process
Kinetic laws of nucleation , cristal growth and agglomeration = f (S)

Bromley’s
method

[6]
3'µρφ

c

cv
c M

C =

732,6 g·mol-1

0,06 2420 kg·m-3

Particle
concentration

Method of classes 

Elementary particles

3rd order scheme of Koren [4]

L (µm)

Homogeneous primary nucleation Crystal growth

[9]
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Quadrature of Moments
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scheme of Litster [5]

Nucleation
Nucleation
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