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INTRODUCTION 

 The circulating load can be defined as a 

process flow (mass or volumetric) of a given 

material that returns to a unit operation after 

failing in some selection criteria. 

 

 This disapproval may be due to an 

imperfection in the selection equipment or 
due the material being out of the 

specification accepted by any subsequent 

step in the process. 
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Grinding circuit closed by a hydrocyclone. 
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Algorithm general formulation 

 Analyses of many existing mineral processing 

circuits were carried out, observing the 

behavior of minerals flows through the 

variations of operating parameters, such as 

grades, partitions and metallurgical recovery. 

 

 From these observations a correlation 
between all kinds of circuits was established, 

regardless the complexity level of the circuit. 
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Algorithm general formulation 

 Yingling (1990) used a Markov chain to 

model the mineral flow in mining 

operations. 

 

 From this work the conception an iterative 

method for the calculation of the 

circulating load was thought. 
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Algorithm general formulation 

 At each iteration the circulating load (CL) 

is calculated using the following equation: 

 

 

 

 fi is the flow (volumetric or mass) which feeds 

the i-th unit operation unit that contributes 

directly to the circulating load; 

 pi is the flow partition in the same unit operation, 

calculated according to the unit operation and 

its operational parameters.  
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Identify the flows which 

directly contribute with the 

circulating load 

Feed ← New feed 

Update flows (fi) and partitions (pi) 

CL* ← 0 

CL ← ∑pifi 

Error ← CL – CL* 

Begin 

While Error ≥ 

tolerance 

End. 

False 

Feed ← Feed + Error 

Update flows (fi) and partitions (pi) 

True 

CL* ← 0 

CL ← ∑pifi 

Error ← CL – CL* 
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Application of proposed 

method for grinding circuits 
 For analysis and validation of the proposed 

iterative algorithm four circuits with different 

levels of complexity were tested. 

 

 All analyzed circuits were built based on 

actual industrial processes present in mining 

companies installed in Catalão/GO/Brazil in 

order to be possible the comparison of results 

obtained by the proposed algorithm with the 

data provided by the companies. 
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Application of proposed 

method for grinding circuits 
 The first considered circuit this is a simple 

closed-circuit grinding which is used as a 
secondary ball mill by VALE Fertilizers 

Company, Catalão/GO, Brazil. 

 

 The second one is used as secondary ball mill 

in AngloAmerican Phosphate, Catalan/GO, 

Brazil and it is a grinding circuit where a low-

field magnetic separator receives part of the 
hydrocyclone underflow.  



II International Meeting on Metallurgy 

Lima, Peru 

Application of proposed 

method for grinding circuits 

A simple grinding closed circuit. 
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Application of proposed 

method for grinding circuits 

Closed circuit grinding with a low-field magnetic separation. 
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Application of proposed 

method to flotation circuits 

 In a froth flotation circuit the flow partition 

(p) can be estimated by the metallurgical 

recovery and by the minerals grade 
present in flows. 

 

 So, for this type of circuit the circulating 

load can be calculated by the j-th 

mineral species by: 



II International Meeting on Metallurgy 

Lima, Peru 

Application of proposed 

method to flotation circuits 

 

 

 rij is the metallurgical recovery the j-th 

mineral specie in the i-th unit operation; 

 tinputij is the feed grade of the j-th mineral 

specie in the i-th unit operation; 

 toutputij is the output grade in the 

considered flow of the j-th mineral specie in 

the i-th unit operation. 
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Application of proposed 

method to flotation circuits 

 

 

 

 

Where fij is the flow (volumetric or mass) of 

the j-th mineral specie in the i-th unit 

operation that directly contributes to the 

circulating load. 
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Application of proposed 

method to flotation circuits 
 The first froth flotation circuit describes the 

apatite froth flotation used in Anglo American 
Phosphate, Catalão/GO, Brazil, and consists 
of four froth flotation steps: rougher, cleaner, 
scavenger and recleaner. 

 

 The last circuit is used by VALE Fertilizers 
Company, Catalão/GO, Brazil, in the apatite 
froth floatation and it is a battery consisting of 
two rougher cells, two scavenger cells and a 
froth flotation column operating as cleaner. 
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Application of proposed 

method to flotation circuits 

Circuit with four froth flotation cells with the variables required for the 

circulation load calculation for the j-th mineral specie. 
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Application of proposed 

method to flotation circuits 

Circuit with four froth flotation cells and a froth flotation column. 
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RESULTS AND DISCUSSION 

New feed 482 t/h 

Hydrocyclone partition 

(p1) 
83.74 % 

Circulating load 
2,482.33 t/h 

515% 

Overflow do hidrociclone 482 t/h 

Iterations 177 

Time spent 3.01 s 

Error 0,00E+00 

Results of the iterative algorithm applied to the first milling circuit. 

Samsung notebook RV411 Intel i3 
processor 2.53 GHz, 3.0 GB RAM 
and Windows 7. 
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RESULTS AND DISCUSSION 

New feed 303.74 t/h 

Hydrocyclone partition (p1) 76.29 % 

Low-field magnetic separator 

partition (p2) 
15.00 % 

Circulating load 
947.14 t/h 

311.82% 

Hydrocyclone overflow 296.58 t/h 

Low-field magnetic separator 

concentrate 
7.16 t/h 

Iterations 118 

Time spent 2.72 s 

Error 0.00E+00 

Results of the iterative algorithm applied to the second milling circuit. 

Samsung notebook RV411 Intel i3 
processor 2.53 GHz, 3.0 GB RAM 
and Windows 7. 
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RESULTS AND DISCUSSION 

Metallurgical recoveries Grades 

Rougher 66.41% Rougher feed 24.15% 

Scavenger 65.41% Scavenger feed 15.30% 

Cleaner 91.42% Scavenger concentrate 22.70% 

Recleaner 90.31% Recleaner feed 35.45% 

  Recleaner concentrate 36.64% 

Input data for the first froth flotation circuit  
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RESULTS AND DISCUSSION 

New feed 267.02 t/h 

Circulating load 
138.87 t/h 

52% 

Rougher feed 405.89 t/h 

Scavenger feed 215.21 t/h 

Cleaner feed 190.68 t/h 

Recleaner feed 167.88 t/h 

Iterations 33 

Time spent 2.17 s 

Error 0.00E+00 

Results of the iterative algorithm applied to first froth flotation circuit . 

Samsung notebook RV411 Intel i3 
processor 2.53 GHz, 3.0 GB RAM 
and Windows 7. 
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RESULTS AND DISCUSSION 

Metallurgical recoveries Grades 

Rougher 1 75.79% Roughers feed 8.257% 

Rougher 2 72.05% Rougher 1 concentrate 18.000% 

Scavenger 1 27.91% Rougher 2 concentrate 18.260% 

Scavenger 2 29.77% Scavenger 1 feed 24.213% 

Cleaner 77.07% Scavenger 2 feed 27.946% 

Input data for the second froth flotation circuit  
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RESULTS AND DISCUSSION 



Computational Modelling´13 
Falmouth, Cornwall, UK 

  Iterative algorithm BILCO Difference 

New feed 287.175720 t/h 287.175723 -3.00E-06 

Circulating load 
97.837758 t/h 97.833147 4.611E-03 

34.068% 34.06% 0.008 

Iterations 24 – – 

Time spent 0.45 s – – 

Rougher 1 feed 192.506739 t/h 192.504435 t/h 2.304E-03 

Rougher 1 concentrate 62.722467 t/h 62.719372 t/h 3.095E-03 

Rougher 1 tailings 129.792810 t/h 129.785063 t/h 7.747E-03 

Rougher 2 feed 192.506739 t/h 192.504435 t/h 2.304E-03 

Rougher 2 concentrate 66.925493 t/h 66.921965 t/h 3.528E-03 

Rougher 2 tailings 125.569093 t/h 125.582470 t/h -1.33E-02 

Scavenger 1 concentrate 14.679437 t/h 14.679263 t/h 1.74E-04 

Scavenger 1 tailings 115.112238 t/h 115.105800 t/h 6.438E-03 

Scavenger 2 concentrate 13.262072 t/h 13.260988 t/h 1.084E-03 

Scavenger 2 tailings 112.326512 t/h 112.321483 t/h 5.029E-03 

Cleaner feed 129.647861 t/h 129.641337 6.524E-03 

Cleaner concentrate 59.751602 t/h 59.748441 3.161E-03 

Cleaner tailings 69.896259 t/h 69.892896 3.363E-03 

Results of the iterative algorithm applied to the second flotation circuit. 
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CONCLUSIONS 

 The proposed iterative algorithm was 

valid and acceptable in relation to the 

iteration number and convergence 

speed to different circuit types and 

complexities. 

 

 It is noticed that the iterative method 

converges faster to the exact solution in 

froth flotation circuits than in other circuits. 
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CONCLUSIONS 

 This fact can be proven by examining the 
iteration number needed spent on each 
circuit, being the cause of such behavior the 
fact that the initial solutions (the algorithm 
seed) in froth flotation circuits were closer to 
the exact solutions. 

 

 For all circuits studied the results were 
compared with the results obtained by 
Caspeo BILCOTM software, version 3.0, and 
similar results between the software and the 
proposed algorithm were found. 
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CONCLUSIONS 

 The present work shows that the 

calculation of the circulating load can be 

understood as a mathematical function 

where it is wanted to minimize the error 

and, therefore, the any errors minimization 

techniques or mathematical optimization 

can be successfully used to calculate the 

circulating load. 
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