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ABSTRACT 

Blending of granular materials is one of the important processing steps in chemical and allied industries. 

Variations in different operating parameters and granular properties play a vital role in influencing the 

blending efficiency of granular materials. Therefore, this study explores the impact of various material 

attributes and process conditions on the blending performance of a 50L industrial bin blender. 

The geometry of the blender consists of (1) a large cylinder with two baffles attached at the top lid at an 

angle of 45° with the vertical axis, (2) a conical hopper and (3) a small cylinder. The blender revolves 

around the horizontal axis at 3.5cm above the top lid. Bi-dispersed cohesive particles of diameter 6 and 

12mm are considered. Discrete element method (DEM) simulations are performed using the open source 

LIGGGHTS software. The Hertz and Mindlin & Deresiewicz theories are used to compute the contact 

forces between particles and between particle and wall, while the cohesion between particles and between 

particle and wall of the blender are computed using simplified Johnson-Kendall-Roberts model. 

The influence of four different parameters, namely fill level (% volume), blender speed (rpm), cohesion 

between particles expressed in terms of cohesion energy density, CED (ergs/cm
3
), and composition of 

small particles (% weight) on the blending performance of the bin blender is investigated in a step-wise 

manner. The performance measures, namely Lacey Mixing Index (LMI) and relative standard deviation 

(RSD) are used to evaluate the blending performance after 135 seconds of blending time by dividing the 

whole particle mass into 800 samples with equal mass. Firstly, a parametric study is conducted with 

initial base case simulation parameters (and ranges of parameters) being fill level of 70% (60-80%), 

blender speed of 24rpm (12-36rpm), cohesion energy density of 20x10
5
 ergs/cm

3 
(10x10

5
-30x10

5
 

ergs/cm
3
) and 20% composition of small particles (10-30%). The results indicate that the best blending 

performances are found at peripheral values of the ranges considered (60% fill level, 36rpm, 30x10
5
 

ergs/cm
3
 CED, 10% composition); therefore, another set of base case parameters (and ranges of 

parameters) is chosen as 70% fill level (50 – 80%), revolution speed of 36rpm (24-48rpm), CED of 

30x10
5
 ergs/cm

3 
(10 - 35x10

5
 ergs/cm

3
) and 20% composition of small particles (10-30%) resulting in 

total 19 DEM simulations from both sets.  

DEM simulations for both sets revealed that the blender performance goes through a maximum at 70% 

fill level and 36rpm. Higher fill levels result in hindered particle transport due to smaller tumbling space 

available, whereas at low fill levels, blending is poor as the convection of particles is found to be less. At 

low blender speed, less diffusion is observed while at high speed, particles start centrifuging. The blender 

performance increases with the increase in CED up to 25x10
5
ergs/cm

3
 and shows stable performance over 

a range (25 to 35x10
5
ergs/cm

3
), beyond which lump formation is found to hinder blending. Further, the 

blending performance at the composition of 10% of small particles is slightly better than that at 30%. The 

optimum material attributes and process conditions are found to be: 70% fill level; blender speed of 

36rpm; CED of 30x10
5
ergs/cm

3
 and 10% of small particles. DEM simulation at the optimum parameters 

resulted in a LMI of 0.9960 and RSD of 0.0302, illustrating the best blending performance. 


