CMM-2011 — Computer Methods in Mechanics 9-12 May 2011, Warsaw, Poland

Modelling of powder sintering using the discrete @ment method

Jerzy Rojek!, Szymon Nosewicz Katarzyna Pietrzak™2 Marcin Chmielewski? and Dariusz Kali ski?

! Institute of Fundamental Technological Researailish Academy of Sciences
ul. Pawi skiego 5B, 02-106 Warsaw, Poland
e-mail: jrojek@ ippt.gov.pl
2 Institute of Electronic Materials Technology
ul. Woélczy ska 133, 01-919 Warsaw, Poland
e-mail: katarzyna.pietrzak@itme.edu.pl

Abstract

This paper presents numerical modelling of powdsiesng. The numerical model introduced in thisrkvemploys the discrete
element method which assumes that material canduelied by a large assembly of discrete elemerati¢pes) of spherical shape
interacting among one another. Modelling of simgniequires introduction of the cohesive interactonong particles representing
inter-particle sintering forces. Numerical studidsintering have been supplemented with experiaiestidies which provided data
for calibration and validation of the model. In flaboratory tests evolution of microstructure aedsity during sintering have been
studied. Comparison of numerical and experimentallite shows a good performance of the numericaletdeleloped.
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1. Introduction

Sintering is a manufacturing process used for ngpkin
various parts from metal or ceramic powder mixtuiatering
consists in consolidation of of loose or weakly ted powders
at elevated temperatures, close to the melting eeatpre with
or without additional pressure. This is a complepocpss
affected by many factors. Modelling can be useaptimize
and to understand better the sintering processiraptbve the
quality of sintered components.

Modelling of sintering process is still a challemgiresearch
task. There are different approaches in modellihgiatering
processes, ranging from continuum phenomenologieadels
to micromechanical and atomistic ones. In this wbekdiscrete
element method is adopted as a modelling tool. Thislel
employs a discrete model of sintered material aidriys to the . .
class of micromechanical models. It allows us toedmine Figure 1: Morphology of the NiAl powder
interaction between the grains during sintering and 22 7 - X" B
rearrangment of grains during sintering. The nucagrinodel is : £0 2 ¥ &
validated using the results of experimental studfes sintering
process.

2. Experiemental studies of a sintering process

Experimental studies of sintering have been peréorrim
the laboratory of Institute of Electronic Materidlechnology.
Sintering has been carried out in a Thermal TedgyAstro
uniaxial hot press. Morphology of the NiAl powdesed for
sintering is shown in Fig. 1. Sintering has beerigpmed under
pressure of 30 MPa and at temperature of 4@00

During sintering particulate material is convert@tto
polycrystal. In the initial stage cohesive bondecks) are
formed between grains. Microstructure at an eathges of
sintering is shown in Fig. 2. When the sinteringqgess is
continued the necks between particle grow. Grain

Figure 2: Microstructure at an early stage of sintgof NiAl

The kinetics of sintering can be evaluated by itigation

rearrangement and increase of grain compaction locan
observed during sintering. With the advancementgadin
growth, gradual reduction and elimination of potwsis
observed.

of the bulk density change in time. The macroscepiinkage
of the porous material during sintering leads te iticrease of
the bulk density. The evolution of the bulk dengitytained in
our studies will be used in calibration of the nuiced model.
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3. Numerical model of sintering

Growth of the neck connections between grains durin
sintering is a result of mass transport by diffénerechanisms
[3]. The main mass transport mechanisms duringesimg:
surface, volume and grain boundary diffusion. Assult of the
stresses in the neck and the surface tension thiles are
attracted to each other leading to shrinkage o$yséem.

Considering the relationship between the diffusiard a
stress state Coble [1], Johnson [4], and De JongfaBaman
[2] formulated mathematical models for sinteringciobetween
two particles. The discrete element method providenlitable
framework for more general application of these eted5, 7].
Discrete element method assumes that material can
represented as a collection of spherical partigtesracting
among one another, thus the discrete element mizdels
explicitly into account the particulate nature & tsintered
material [6]. The numerical model of sintering hbhesen
implemented in the finite/discrete element codefich [6].

Modelling of sintering requires introduction of thehesive
interaction among particles representing interiglarsintering
forces. In our model the translational motion Wi considered
only, assuming that the rotational motion is nefblg in
sintering. The particle interaction model assumadsintering
employs the equation derived by Parhami and McMegKi]:
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whereF, is the normal force between two particlés,— the
normal relative velocityR — the particle radiug — the sintering
contact radius, - the dihedral angleg — the surface energy
and D, — the grain boundary diffusion coefficient. The
geometric parameters used in Eq. (1) are definéiigin3.

Figure 3: Model parameters definition

4. Simulation of sintering of a cylindrical specimen

The model implementation has been verified andcatiéd
performing simulation of a cylindrical specimen wasing that
the kinetics of sintering is the same as in thedatory test of
sintering presented above. The initial configumatiof the
discrete element model consisting of 350 particdeshown in
Fig. 4a. Figure 4b shows the specimen at the ergintdring.
The shrinkage can be clearly observed. The modelnpeters
have been determined by fitting the density evohutito
experimental results (Fig. 5). It can be seentiiaevolution of
the density is reproduced properly in the simutatio

5. Concluding remarks

The discrete element method is a suitable tool tmeh
powder sintering. Presented results show a bigntiateof the
developed numerical model in modelling of sintenmrgcesses,
although further developments and validation acessary.

a) b)
b Figure 4: Simulation of sintering: a) initial cogfiration, b)
final configuration

Figure 5: Evolution of relative density during grihg process
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