
La Metallurgia Italiana - Novembre/Dicembre 2024	 pagina 16

Memorie scientifiche - Coke e riduzione del minerale di ferro

INTRODUCTION
Segregation of granular materials is often viewed as 
an undesirable occurrence that should be controlled 
or minimised due to its negative impact on processes 
and/or products [1]. In blast furnace, segregation can 
adversely affect the distribution of materials on the 
burden surface, which in turn has a detrimental effect 
on bed permeability [2]. This affected permeability leads 
to inconsistencies in pressure drop, causing inefficient 
use of reductant gas and resulting in both economic 
and environmental consequences [3].  Therefore, it is 
crucial to investigate and understand segregation within 
the blast furnace processes. Conducting experiments 
or in-situ measurements of segregation in the blast 
furnace charging system is costly and/or impractical due 
to the large-scale equipment and harsh environment. 
Alternatively, the discrete element method (DEM), a 
helpful tool for modelling granular materials, can be 
employed to gain insight into segregation in blast furnace.
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the majority of them used the top hoppers as the starting point and assumed a pre-determined iron ore mixture 
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Many DEM studies have recently investigated blast 
furnace segregation [4,5]. However, the majority of these 
studies have focussed on segregation happening after the 
top hopper, i.e. on the chute and the blast furnace burden 
[6,7]. Additionally, they have mostly studied the size 
segregation of individual materials such as pellets, sinter 
or coke, with only a few addressing the segregation of 
multiple materials, referred to as component segregation 
[1]. Furthermore, most of these studies employed down-
scaled dimensions of the blast furnace geometry to reduce 
DEM computational time. In this study, we address these 
shortcomings by modelling the real-scale blast furnace 
charging process from the stockhouse to the top hopper. 
We mainly focus on the pellets and sinter as two main ore 
materials and study their mixing/segregation behaviour.

METHODS
Discrete element method (DEM)
We used DEM with Hertz-Mindlin (no-slip) [8] contact 
model with an elastic-plastic spring-dashpot rolling 

friction model (referred to as type C in Ai et al. [9]). 
This contact model has been successfully employed 
for modelling iron ore pellets and sinter in past studies 
[10,11]. Detailed information and equations of the contact 
model can be found in the relevant literature [8,9,12]. We 
employed the commercial software EDEM V2022.3 for 
DEM simulations, which were conducted on the DelftBlue 
supercomputers [13]. 

Materials
We modelled iron ore pellets and sinter as two main 
components of ore mixtures charged into the blast 
furnace. 
To reduce the computational time, we used spheres to 
model the particle shape of both pellets and sinter. The 
size distribution of pellets and sinter, measured using 
sieves, is provided in Tab. 1. A comprehensive list of all 
DEM parameters used is mentioned in our previous study 
[14].

Size Distribution of pellets and sinter

Size range Pellets Sinter

5.6-8 (mm) - 36.37%

8-10 (mm) - 23.13%

10-12.5 (mm) 48% 17.61%

12.5-16 (mm) 52% 13.45%

16-20 (mm) - 5.08%

> 25 (mm) - 4.36%

Tab. 1 – Size distribution of pellets and sinter used in this study.

Geometries and the charging process
Fig. 1 shows the geometries used in this study to simulate 
the charging system of the blast furnace at Tata Steel. 
The system consists of two weighing bunkers (WBs) for 
storing pellets and sinter. During the charging process, 
approximately 20 tons of pellets and 12 tons of sinter are 
loaded into the weighing bunkers. The outlets of these 
WBs are opened simultaneously, in a controlled way to 
ensure that both are emptied at the same time. In the actual 

process, the filled skip car then moves up an inclined rail. 
Since we anticipate negligible segregation during this 
step, we omitted the simulation of the skip car moving up 
and positioned it directly at the top location where it starts 
to tilt. The skip car is then tilted and the mixture of pellets 
and sinter are charged into the top funnel. The mixture 
passes through a series of equipment, including a semi-
cylinder chute, and finally into one of the top hoppers. 
This entire process is repeated for the second skip car.
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Fig.1 -a) The geometry model used in this study. For practical reasons, the WBs and the skip car are placed at 
the location (*), while in practice they are located at the bottom, and the skip car moves up in the mentioned 
direction. b) 3-D view of the geometries. Yellow and blue particles represent pellets and sinter, respectively.

Quantifying segregation
We used relative standard deviation (RSD), a grid-
dependent segregation index, to quantify segregation. 
First, the whole domain of the mixture is divided into a 
number of bins, denoted as ‘m’. Then, the mass ratio of one 

of the components (e.g. pellets) is measured within each 
bin (CPm). Next, the mean (μ) and the standard deviation (σ) 
of CPms are calculated. Finally, RSD is computed as:

(1)

A lower RSD value indicates better mixing, with an RSD close to zero showing negligible segregation.

RESULTS AND DISCUSSION
Scaling up the particle size
Considering the dimensions of blast furnace equipment 
and the large number of particles involved, DEM 
simulations can be computationally expensive. To reduce 
computational time, we upscaled the particle size by a 
scaling factor (SF) of two. To ensure that this scaling does 
not affect the segregation results, we modelled the first 
charging step (i.e. from weighing bunkers to the skip car) 
using both original and upscaled particle sizes. As shown 

in Fig. 2, the comparison reveals that there is no significant 
difference in the degree of mixing between the two from 
both qualitative and quantitative perspectives, with only 
~3.7% change in RSD. However, the computational time 
for modelling only this charging step was decreased from 
25 hr to 1.5 hr. Therefore, we proceeded with the upscaled 
particles for the current study.
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Fig.2 - Qualitative comparison of the degree of mixing within the skip car between a) original size, and b) 
upscaled particles with SF of 2.0. Yellow and blue particles represent pellets and sinter, respectively.

Scenario 1: Current practice
In the current practice at Tata Steel, individual 
components —pellets and sinter— are charged separately 
into weighing bunkers (WBs), as shown in Fig. 3a. During 
the simultaneous discharging of these bunkers, pellets 
and sinter are mixed to some extent. However, Fig. 2b 
illustrates that the majority of the materials within the skip 
car remain segregated, resulting in a high RSD of 0.578. 
Upon emptying the skip car into the receiving funnel 
and then the top hopper, the materials are expected to 
become more mixed. Fig. 3b and 3c show the materials 

within the hopper after charging the first and second skip 
cars, respectively. A reduced RSD for the mixture within 
the top hopper indicates that pellets and sinter become 
more mixed as they are charged from the skip car into the 
hopper. Nevertheless, it can be observed that materials 
are still segregated, with more sinter accumulating on the 
right side of the hopper. This indicates that the assumption 
of pellets and sinter having a good degree of mixing within 
the top hopper is incorrect. Although the current practice 
assumes that pellets and sinter mix through the charging 
process, the materials mostly remain segregated. 

a) RSD = 0.557 b) RSD = 0.578

Fig.3 - a) Weighing bunkers filled with pellets (yellow particles) and sinter (blue particles) under the current 
practice. Materials within the hopper after b) the first and c) the second skip car charged in.

a) b) RSD = 0.415 c) RSD = 0.393
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Scenario 2: Mixed configuration in WBs
We demonstrated in our previous study that negligible se-
gregation occurs downstream if pellets and sinter are per-
fectly mixed upstream [15]. Therefore, we conclude that 
maximising the mixing of pellets and sinter in the upstre-
am locations (e.g., within the WBs) results in minimal se-
gregation throughout the charging process. A potential 
strategy is to mix the materials before charging them into 
the skip car. To investigate and confirm this, we started 
from a perfect mixing of pellets and sinter within the WBs 
and subsequently, simulated the entire charging process. 
Fig. 4b and 4c present the quality of mixing within the skip 
car and the top hopper, confirming that minimal segrega-
tion occurs when materials are perfectly mixed, and they 
mostly remain mixed within the top hopper.

CONCLUSION
This study investigated the mixing/segregation dynamics 
of pellets and sinter within the blast furnace charging sy-
stem, focussing on the charging steps from the stockhou-

se to the top hopper. Our findings reveal that under the 
current practice at Tata Steel, pellets and sinter tend to 
mostly remain segregated within the top hopper due to 
insufficient mixing of materials during discharging from 
the weighing bunkers into the skip car. To address this 
issue, we explored an alternative scenario where pellets 
and sinter were perfectly mixed within the skip car. Re-
markably, this approach virtually eliminated the segrega-
tion during the charging process. This underscores the 
critical need for strategies aimed at improving the initial 
degree of mixing of pellets and sinter to maintain a well-
mixed mixture throughout the charging process. Further 
research could focus on simulating and exploring various 
strategies for mixing the materials within the weighing 
bunkers. Implementing these strategies can potentially 
optimise the blast furnace operations and achieve a higher 
efficiency of the process.

Fig.4 -  a) Weighing bunkers filled with a perfect mixture of pellets (yellow particles) and sinter (blue 
particles), b) mixture within the skip car, and c) materials within the hopper after the second skip car charged 

in.

a) RSD = 0.029 b) RSD = 0.071 c) RSD = 0.094
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