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Highlights
· A Particle Replacement Model was employed to simulate breakage using DEM.
· The effects of initial overlap during replacement on the system were studied.
· Relaxation factor was used to justify high contact force of particles after breakage.

1. Introduction
Comminution processes are the most expensive particle processing operations in terms of energy consumption as most of the energy is dissipated in the form of sound and plastic deformation. Therefore, this type of processes presents an important opportunity for optimization and improvement [1-3]. 
After introducing Discrete Element Method (DEM) by Cundall and Strack [4] many researchers took advantage of this simulation technique to study size reduction processes [5-9]. The Particle Replacement Model (PRM) has been proved to be one of the most successful models to simulate particle breakage in DEM simulations [9]. In this model, a broken spherical particle is replaced by a progeny of smaller particles instantaneously [5, 9]. PRM requires to specify the maximum stress at which the particle breaks and a breakage distribution function to determine the smaller progeny particles that are replacing the original particle.
[bookmark: _GoBack]During the replacement process, the progeny particles are required to have an initial overlap. This initial overlap causes high contact forces between the particles. Therefore, a relaxation factor has been used in the previous studies to damp the high elastic force artificially created during the replacement process [5]. In this research work, the effects of the relaxation factor on the single particle and particle bed breakage simulations were studied.
2. Methods
An in-house DEM code was developed in Fortran 77 programming language. The Hertz contact force model and equations of motions in both translational and rotational directions were used. Also, damping force models were employed to simulate the energy dissipation in particle contacts.
To simulate the breakage process the particle replacement model was implemented. When the value of the contact force exceeds a specified value, the particle is substituted by its progeny which is determined by the breakage function.  The equation developed by Austin and Luckie (1972) was used to calculate the progeny particle size distribution [10]. In order to study the effect of the relaxation factor in the range between 0.05 and 1.00 two types of systems made of particles of 10 mm in diameter were considered: a single particle and a bed of 100 particles. In order to simulate the bed compression test, particles were randomly positioned within a cylinder of 5 cm in diameter. Then, a piston was moved downwards to compress the particle bed until achieving a maximum value of 450 N. An illustration of the simulations is shown in Fig. 1.
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Fig. 1 Simulations of unbreakable and breakable particles after applying 450 N force on the particle bed
3. Results and discussion
In the single particle system, the kinetic energy of the progeny particles exhibited a maximum as a function of time. This maximum value and the rate at which the kinetic energy decayed after the maximum was achieved, increased by increasing the relaxation factor. This could be as a result of large energy dissipations during contacts of high-velocity particles.
For the particle bed simulations, the number of broken particles fluctuated with the relaxation factor. However, the curves of the contact force on the piston as a function of time for different values of the relaxation factor were close to each other and the elapsed times for reaching to 450 N were almost the same. 
4. Conclusions
The relaxation factor used in the particle replacement model affects the simulation results considerably. However, it seems that because of the complexity of interactions between particles in a compacted bed, the influence of the factor on the results of the breakage process is not easily predictable. Therefore, it is recommended to find the optimum value of the relaxation factor by comparing the movements of the progeny particles after the breakage in the DEM simulations with the ones in the single particle breakage test. Then, the factor can be tuned finely according to the obtained particle size distribution of experimental data for the particle bed breakage tests.
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