
Journal Identification = MATCOM Article Identification = 3670 Date: June 16, 2011 Time: 11:28 am

Available online at www.sciencedirect.com

Mathematics and Computers in Simulation 81 (2011) 2564–2580

Original article

Diffusional Monte Carlo model of liquid-phase sintering

A. Luque a,∗, J. Aldazabal a, J.M. Martínez-Esnaola a, A. Martín-Meizoso a,
J. Gil Sevillano a, R.S. Farr b,c

a CEIT and Tecnun (University of Navarra), Manuel Lardizábal 15, 20018 San Sebastián, Spain
b Unilever R&D Colworth House, Sharnbrook, MK44 ILQ Bedford, United Kingdom

c London Institute for Mathematical Sciences, 22 South Audley St., Mayfair, W1K 2NY London, United Kingdom

Received 29 November 2010; received in revised form 12 April 2011; accepted 11 May 2011
Available online 20 May 2011

Abstract

Liquid-phase sintering (LPS) is a consolidation process for metallic and ceramic powders. At given temperature conditions,
the process occurs with constant amount of liquid phase. However, the evolution of solid-particle shape is observed, namely, the
rounding of particles and the growth of big particles at the expense of the small ones, which is known as Ostwald ripening.

In this work, we propose a Monte Carlo (MC) model to simulate the microstructural evolution during LPS. The model considers
the change of state of the discretising elements, namely voxels, of the system. The microstructural evolution proceeds accounting
for both the geometrical characteristics of the particles, such as the number of solid neighbours, and the amount of solute contained
in or surrounding a randomly chosen voxel. This has been implemented in terms of two probability distribution functions (PDFs).
The diffusion of solute has also been considered by means of the implementation of a three-dimensional finite-difference algorithm.

The diffusional MC model that we present is able to reproduce the Ostwald ripening behaviour and, in particular, results match
the case in which the process is limited by the diffusion of the solute in the liquid phase.
© 2011 IMACS. Published by Elsevier B.V. All rights reserved.
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1.  Introduction

The present work is a follow-up of the work presented in Ref. [15]. In that work, we first made a brief description of
multi-scale computational modelling, paying special attention to the micro-scale techniques, in which the Monte Carlo
(MC) method is included. Then, we introduced the concept of sintering, in general, and the particularities of liquid-
phase sintering. We summarized the theoretical background of these processes and included the main assumptions to
tackle the problem of particle coarsening, either by Ostwald ripening [19] or by particle coalescence, from an analytical
point of view. Finally, the geometrical MC model of liquid-phase sintering was defined. After that, the method was
validated and some simulation results were shown.

In this article, we propose a MC method that combines the geometrical MC model of Ref. [15] with a diffusional
MC model, in order to take into account the presence of a solute and its diffusion through the liquid phase. The main
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