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Abstract
Packing density of particles is an important factor for a variety of applications of granular
materials. In the present work, a three dimensional imaging technique is coupled with the Discrete
Element Method (DEM) to model anode grade calcined coke particles. Coke aggregate recipe of
industrial pre-baked anodes is modeled with DEM and then the pore size distribution in this
packing is numerically measured. Results of the measurements are used to propose a new
aggregate recipe. The proposed recipe is examined by its electrical resistivity and packing density.
Results show that the proposed recipe holds a better packing density and lower electrical
resistivity. It is shown that the inter-particle contact density is lower in the new recipe which
results in lower electrical resistivity.
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Introduction

Particle packing is an old problem [1] which exists in different applications and industries such
as construction, pharmaceuticals, food processing and agriculture [2]. Determination of
conditions leading to maximum packing density is still a challenging work when the particles
have irregular shapes and a wide size distribution.
Electrical current transfer in granular media has also considerable importance in a variety of
applications such as electronics, metallurgical processes, railway transportation and geology [3].
Packing density and electrical resistivity of particles both are of interest for aluminum production.
Pre-baked carbon anodes for the aluminum smelting process are made with granulated calcined
coke mixed with binder pitch. Coke particles make up around 65 wt. % of an anode and thus the
physical, chemical and mechanical properties of the coke have a considerable impact of anode
quality. Effects of coke particles’ bulk density on the air permeability of the baked anodes [4] and
shape of coke particles on the compaction behavior of green anode paste [5] have been already
investigated. Homogeneity, high density, low air permeability and low electrical resistivity are
important quality factors which anodes are expected to hold.
Industrial dry mix recipe of anode paste is given in Table 1. Coke particles make up the skeleton
for the anode and pitch binds the particles together providing the integrity of the mixture. A part
of the pitch is vaporized during the baking process causing pores and shrinkage cracks. Binder
matrix (pitch + fine coke particles) is also the most reactive part of the anode block to air and CO2
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