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Abstract—Discrete element simulations provide valuable insight 
into the mixing dynamics of granular materials in industry. In 

this paper, numerical work is conducted in order to find the 

influence of pan rotational velocity and particle shape on mixing 

behavior. Four types of particles of different shapes were chosen: 

spherical, non-spherical type 1 (disk shape), non-spherical type 2 

(capsule shape), and non-spherical type 3 (triangular shape). The 
pan mixer was filled with ~ 30 % volume of the same shape with 

the particles and was rotated at 15 RPM, 30 RPM, 45 RPM, and 

60 RPM. The particles were colored as bottom-particles, middle-

particles, and top-particles in order to visualize mixing efficiency. 

The homogeneity of the mixtures was determined by using 

contact dynamics of particles. The results show that fast-rotating 

pan (30-60 RPM) provides good mixing for all shapes of particles. 
However, non-spherical particles do not show as good mixing as 

spherical particles. 
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I. INTRODUCTION  

Granular material is common in daily life [1-3], 
demonstrating a variety of complicated behaviors, some of 
which are not thoroughly perceived [3-7]. One of the issues in 
this material is mixing and de-mixing or segregation of 
granules [8-10]. Mixing and de-mixing of granular material 
with various properties is a strikingly testing procedure, 
pertinent to numerous mechanical applications [7-11]. In 
industry, particle mixing is an important process. Mixing and 
segregation phenomena describe an important issue into the 
process of mixing granular particles having various physical 
properties like size, density, shape, etc. Distinctly from liquids 
and gases, solid granules are not a thermal agitated system. In 
order to get a definite level of mixing they need to be 
mechanically activated. Traditionally, three mixing 
mechanisms are largely recognized: dispersion, convection, and 
shear mixing. Shear mixing is especially relevant to the 
granular material. It is a combination of both dispersion and 

convection mechanisms [12-13]. These mechanisms are 
performed in a solid system known as mixer. There are two 
types of mixers: tumbling mixers and agitated mixers [13]. In 
tumbling mixers, a completely confined container is rotated 
about an axis resulting in tumbling over of the granules in the 
mixture area inside the container. In contrast, convective 
mixers are characterized by the action of impellers in order to 
incorporate more shear into the mixture and provide a good 
mixing product in the end. In this study, pan coater mixer was 
used, which is a type of convective mixer, to study the mixing 
of tablet coating. In pharmaceutical industries, tablet coating is 
important for masking the unpleasant taste of a medicine, 
enhancing the appearance of the product, modifying its 
dissolution rate, etc. [14-20]. Many studies were conducted 
focusing on the mixing of grains with different sizes [12-13], 
but only a few studies considered shape and elongation, which 
are identified as important characteristics for inducing 
segregation [21-22]. The impact of different parameters on 
segregation is studied in [22]. The authors concluded that 
spherical grains have a higher flow-ability, leading to smaller 
repose angles and are more prone to segregation. Instead, 
irregular-shape particles are preventing them from free flowing 
and percolation [13, 17]. The shape of granular particles has 
also a direct impact on the packing density of the granular 
media which is the main cause of segregation [12], but their 
work doesn’t demonstrate the influence of the rotational speed 
of pan on non-spherical particles of complex shapes.  

In this work, discrete element method (DEM) simulations 
are performed to study the mixing of binary mixtures of tablets 
having the same volume but different shapes. The mixing 
dynamics of a layered tablet was characterized in a rotating 
pan, highlighting the impact of the spherical and non-spherical 
shape, of the pan angular speed, and of contact dynamics 
between particles. Particle mixing is a significant but 
ineffectively comprehended part of coating of pharmaceutical 
tablets which is usually done in the rotating pan coaters [16]. 
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II. DEM SIMULATION AND RESULTS 

A. Model Description 

DEM [23-25] has been increasingly applied for the 
investigation of tablet motion in coating mixers. In this method, 
Newtonian equations of motion are used to calculate particle 
motion and interactions. The force on each particle i is 
calculated by the sum of gravitational and inter-particle 
components according to: 

∑�� � ���	 � �	 � �
  (1) 

where ��  and �
 are normal and tangential components of force 
respectfully. The torque � on each particle is the sum of the 
moment of the tangential forces �
  arising from inter-particle 
contacts: 

∑�� � �� 	 �
 (2) 

The normal forces �	  and the tangential forces �
  are 
calculated according to Hertzian contact model and Mindlin-
Deresiewicz model respectively. Both normal and tangential 
force models are described by damping components where the 
damping coefficient is related to the coefficient of restitution as 
given in [26]. Accordingly, the normal force �	 is given by: 
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where �∗  is the equivalent Young’s Modulus, �∗  and the 
equivalent radius which are defined by: 
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where �� , �� , ��  and �� , �� , ��  are the Young’s Modulus, 
Poisson ratio and radius of particles i and j in contact. 

These models are implemented in a commercially available 
DEM code called EDEM Academic 2.6.1 [27]. This code has 
already been validated for such types of particle flows and 
mixing in various conditions [28-29].  

B. Simulation Settings 

The DEM particles and the container are made of the 
materials defined in Table I. The container is modeled as a pan 
mixer by an open source mesh generator 3D application. The 
mesh cylinder has a total length of 16.6cm along the axial 
direction with 20cm diameter. In order to mix the particles, 
some baffles are created inside this pan. The schematic setup 
with all the measurements of the pan are given in Figure 1. 
After generating the geometry, this pan mesh is imported into 
EDEM code. We modeled 4 types of granular particles by 
EDEM code as shown in Figure 2.  

First, we will initialize the spherical particles randomly by 
pouring from injector. The diameter of the particle is 3mm. We 
color them as red for bottom, green for middle and blue for top 
particles so that mixing can easily be deduced from their 
contact dynamics. In the same way, we will generate 3 other 
types of particles in the mixer. All other parameters of the 
particles are given in Table I. After pouring the particles of the 

same shape into the pan, the tablets in the 25%-filled mixer 
were allowed to settle under the effect of gravity. After settling 
of all particles, the mixer pan is set to rotate with a rotational 
speed � in the unit of revolution per minute (rpm or RMP). We 
set the rotational speed at 15rpm, 30rpm, 45rpm, and 60rpm for 
10000s. Snapshots of the settled states and the mixed states are 
shown in Figure 3 for non-spherical type 2. 

TABLE I.  SIMULATION INPUT PARAMETERS 

Property Symbol Unit Value 

Coefficient of static friction 

(particle-wall) 
 !" - 0.2 

Coefficient of static friction 

(particle-particle) 
 ! - 0.3 

Coefficient of rolling friction  # - 0.1 

Coefficient of restitution 

(particle-particle) 
$! - 0.3 

Coefficient of restitution 

(particle-wall) 
$!"  - 0.4 

Poisson ratio (particle) % - 0.30 

Poisson ratio (wall) % - 0.33 

Shear modulus (particle) �! MPa 1.0 

Shear modulus (wall) �& GPa 27.9 

Density of particle '! Kg m�⁄  2000 

Density of wall material '& Kg m�⁄  8050 

Fill level - - 25% 

Angular velocity of the pan � RPM 15, 30, 45, 60 
 

 
Fig. 1.  Simulation setup: internal and external properties of mixing pan 

 
Fig. 2.  Shapes of particles: (a) spherical, (b) disk-type (non-spherical type 

1), (c) capsule (non-spherical type 2), (d) triagulate (non-spherical type 3) 

 
Fig. 3.  Snapshot of mixing of non-spherical particles (before and after) 
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C. Mixing Behavior Deduced from Contact Number 

In order to measure the variance of the mixture, contact 
dynamics of particles was used. Note that initially the number 
of contacts among bottom, middle, and top was zero. After the 
mixer was rotated, the number of contacts increases and 
reaches a steady value, which indicates that the particles are 
fully mixed. After deducing the number of contacts, we can 
plot it for the various types of particles. 

D. Mixing Profile from the Rotating Pan 

Mixing profiles showing the contact dynamics of all types 
of particles are depicted in Figure 4, for all rotation velocities. 
In all mixing profiles, the study was focused to bottom-top 
layers of particles only. In the beginning, both layers were not 
in contact with each other, so the mixing state was zero. Once 
the mixing starts, the number of contact increases which can be 
clearly seen from the plots of Figure 4. All simulations were 
run for 1000s duration, but the results show that steady state 
mixing was achieved after 30s of rotation. Also, the results 
show that, slowly rotating pan takes a little bit longer time to 
achieve the same mixing state.  

 

 
Fig. 4.  Mixing of spherical and non-spherical particles (bottom-top layers) 

 
Fig. 5.  Mixing profiles of spherical and non-spherical particles after 

rotations are completed (bottom-top layers) 

The mixing profiles from 30s to 60s are shown in Figure 5. 
We see that steady states of mixing are achieved. For non-
spherical particles, the slowly rotating pan doesn't exhibit good 
mixing state. The spherical particles mix repeatedly at all 
rotational speeds as plotted in Figure 6. 

 
Fig. 6.  Time taken for the final mixing for all rotational speeds 

E. Maximum Mixing  

In order to study the influence of angular velocity of the 
pan on the mixing of particles over time, we further define the 
parameter maximum mixing ,&-.  as follows: 

 χ&-. �
/

/012
  (6) 

where 3 is the contact number after the rotations are completed 
and 3&-.  is the total number of contacts for a particular shape 
type particle. In Figure 7 the data taken from EDEM for 
maximum mixing ,&-.  of all profiles are shown.  

 

Fig. 7.  Maximum mixing (,&-.) achieved 

The result shows that type 3 shape particles don’t show 
good mixing as compared to spherical particles, because non-
spherical particles reveal more opposition to motion and mix. 
The reason is that non-spherical shape creates irregular voids 
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between the particles that prevent them from further mixing. 
Even though blades were used inside the pan to provide more 
shear to the particles, the voidage in non-spherical particles 
transfers a little shear to nearby particles [8, 11, 30-32]. 
Consequently, lower granular temperature is achieved which 
reduces the mixing [8, 11, 31]. Further work in this regard is 
needed to study the mixing mechanism of non-spherical 
granular particles mixed with fluids such as water. 

III. CONCLUSION 

In this work, DEM simulations were performed to study the 
influence of pan rotational velocity and the shape of granules 
on mixing behavior. Four types of particles having different 
shapes were poured. The pan mixer was filled with ~ 30 vol % 
of the same shape particles and was rotated at 15 RPM, 30 
RPM, 45 RPM, and 60 RPM. The homogeneity of the mixtures 
was determined by using contact dynamics of particles. It has 
been found that fast rotating pan such as 30-60 RPM provides 
good mixing for all shapes of particles. The triangulate shape 
particles do not show good mixing while the spherical particle 
have the best mixing among all four types of particles studied 
in this work.  
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