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Abstract: In the conventional mass balance methods, sampling are carried out to determine the metal
content, solid percentage and particle size distribution in the paths (branches) and ultimately the corresponding
errors are dispersed. In these methods, there is no information about the amount of feed and the grade (or the
metal content) at any moment of time for each mineral processing unit (plant equipment). Thus, in this paper,
the quantitative and qualitative values of input feed to each of the operating units in the processing paths were
probabilistically investigated using stochastic process theory, and consequently the load distribution in these
units was estimated. For this purpose, the processing plant was firstly modeled as a directional and balanced
graph. In this graph, each node represents an operating unit and each edge displays a path between two units.
The weight of each edge also indicates the passing material weight from the node to another node, which is
assigned as a random variable at a specified interval. After modeling the process, the obtained graphical model
containing random parameters was analyzed using Markov chain theory. Applying the philosophy outlined in
this paper, not only the load distribution, but also the presence probability of each particle or mineral in each of
the operational units of the processing plant can be predicted. It is also possible to estimate the tonnage in each
unit when the plant is shut down and even the necessary steps are provided to discharge them. In this research,
Chadormalu iron ore processing line was modeled using method presented and the results were analyzed and
thereafter were reported using probabilistic parameters.

Keywords: Mineral processing, Feed distribution, Modeling, Stochastic processes, Markov chain.

INTRODUCTION
The purpose of this paper is to present a methodology including the probabilistic and time-dependent
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properties for estimating the fixed load value in each mineral processing plant unit. With the help of this
methodology, not only the feed distribution, but also the probability of the presence of any particle or
mineral, which their values are specified at the input load to the processing paths can be estimated in each
operating unit. In addition, the tonnage available in each unit can be predicted using the presented method
at the plant stop times. Also, the tonnage value available in each unit can be predicted when the plant stops
for any reason and the equipment needs repair and replacement. The methodology developed in this paper
is implemented on Chadormalu iron ore processing plant as a case study.

Mizonov et al. investigated the application of multidimensional Markov chain for kinetic modelling
of comminution. They suggested a two-dimensional Markov chain model to describe particle transport
along the main coordinates in a mill and particle transport from one sector to another [1]. Jalali et al. [2]
applied Markov Chain Modelling to optimize open pit mining confine and to estimate the number of stopes
in underground mining. Yarmuch et al. studied the position of crusher systems in an open pit mine using
Markov chains [3]. Ghosh et al. reviewed Markov chain models and expressed that nowadays Markov
chain modelling is used in various branches of science and is widely received the numerous applications in
the field of earth sciences [4].

METHODS

In present paper, the quantitative and qualitative values of input loads at each operational unit are
determined using Markov chain theory as probabilistic and path-dependent values. For this purpose, firstly,
each section of the mineral processing path is defined as a random process, and then the estimation of the
load distribution in different paths is examined using Markov chains. In each mineral processing plant, the
components of the plant and their relationship can be represented using a directed and weighted graph. Each
graph is made up of a series of nodes and a number of edges, which indicate the relationship between the
nodes. Each edge also has a specific direction and a value that represents the weight between two nodes.

In this graph, each node represents an operating unit in the mineral processing plant, which indicates
a state of a Markovian system, and each edge depicts the processing path between two nodes assumed.
The weight of each edge can be also simulated as the passing material weight in a path from a node to

another. Each unit of time is regarded as a set of /=1{0,1,2,...} in a random process in term of hours.
Therefore with prolonging time, a random variable of N, is generated for each member of set I, which its
value can be assumed corresponding to the passing material percentage from each node. At each time unit,
the Markovian device goes one step further and a new distribution of the input load is generated on each
node. The device returns to its steady state distribution with prolonging time. Thus, the load distribution
is determined at each node of the graph or, in other words, at each operating unit of the processing plant.

FINDINGS AND ARGUMENT

The graph shown in Figure 1 was plotted according to the Chadormalu mine iron ore processing plant
with a processing capacity of 392 tons per hour. Considering this graph, the probability of load transfer
from any component of the processing line to the other can be calculated based on the mass balance. For
example, 100% of the input load is transferred from step 6 into step 7. Therefore, the corresponding element
in the transfer matrix is inserted equal to 1. Similarly, 51.43 and 48.57% of the load reached to stage 5 is
transferred to stage 6 and 9, respectively. According to the graph of Figure 1, with investigating each stage
of the processing plant, the corresponding transfer matrix can be defined as the matrix of Figure 2.

Now, Markov chain steady distribution (the constant vector of the transfer matrix) can be calculated
using equations 1 and 2. In this matrix, each element represents the percentage of present load, or in other
words, the load distribution at each stage of the processing path.

tXw=t (1)

t:[xl Xy X3 X4 X5 Xg X7 Xg Xg Xjg Xy xlz]

n

S, -1 @
i=l
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In terms of the input load of 392 tones, the load distribution in each component of the processing plant
is estimated as follows:

w, =76.244  ton w, =21.56  ton
w, =76.244  ton wg =11.2504 ton
w, =343 ton wy, =20.3448 fon
w, =45.5896 fon wy, =18.424 ton
ws =41.9048 fon wy, =12.1912 fon
we =21.56  ton wy, =12.1912 ton

Now, it is possible to determine the amount of tonnage in each unit when each unit destroys or the
factory stops for any reason.

I 1
I 1
i i
E Apatite 100% Low_ intensity E
i vacuum magnetic separator ! 00%
I filter of cleaner stage ' 0
i T i
I 1 H
! ! 59.98% !
: 1 :
i ' Flotation 40.02% '
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1 1
! 1
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Figure 1. Simulation of Mineral Processing Plant Using directed weighted Graph

a4 a, as a, s g a; dg g o a, a2

al 0 1 0 0 0 0 0 0 0 0 0 0
a,| 0 0 0.45 0 0.55 0 0 0 0 0 0 0
a, 0 0 0 1 0 0 0 0 0 0 0 0
a, 1 0 0 0 0 0 0 0 0 0 0 0
as| 0 0 0 0 0 0.5143 0 0 0.4857 0 0 0
W a 0 0 0 0 0 0 1 0 0 0 0 0
a, 0 0 0 0 0 0 0 0.5230 0 0.477 0 0
ag| 0 0 0 1 0 0 0 0 0 0 0 0
a, 0 0 0 0 0 0 0 0 0 0.4002 0.5998 0
a,| 1 0 0 0 0 0 0 0 0 0 0 0
a,| 0 0 0 0 0 0 0 0 0 0 0 1

a,| 1 0 0 0 0 0 0 0 0 0 0 0 |

Figure 2. Transfer matrix corresponding to graph of Figure 1
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The average grade of input load to the processing plant at Chadormalu iron ore mine is 54%. Therefore,
the input load will contain 211.6 tons of metal. In this state, based on the calculations, the distribution of
metal content in the units can be predicted as follows:

- Low intensity magnetic separator 63.8 ton,

- Low intensity magnetic separator of cleaner stage 25.1 ton,

- Thickener 9.9 ton,

- Lamella thickeners 17.7 ton,

- Flotation cells 22.7 ton,

- Vacuum filter for iron concentrate24.6 ton,

- Apatite vacuum filter 6.6 ton,

- Comminution units 41.2 ton

CONCLUSIONS

In this paper, the load distribution in each processing unit or the probability of the presence of any
particle or mineral was estimated using Markov chain model. The proposed method could predict the load
distribution and metal content in large paths of mineral processing plant applying a rich mathematical
support and probabilistic analysis. In this regards, when the plant stops and the equipment needs repair and
replacement, it could be predicted how much tonnage there was in each unit and how much discharge was
required. Applying Markov chain model on the circuit of the Chadormalu iron ore processing plant, the
value of load distribution was estimated in each plant unit based on 392 tons of input feed. Accordingly, low
intensity magnetic separator unit with 118 tons of minerals and 64 tons of metal content and the crushing
unit with 76 tons of minerals and 41 tons of metal content had the highest tonnage, respectively. Also,
apatite vacuum filter unit with 12 tons of minerals and 6.5 tons of content metal had the lowest tonnage.
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