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ABSTRACT 
 
This article presents the results of dry magnetic concentration tests applied to final 
tailings from an iron ore processing plant in the Atacama Region - Chile, with the 
purpose to obtain a commercial product of high quality iron (63% FeT). A 
representative sample of the tailings was characterized by chemical analysis, 
mineralogical analysis, particle size analysis and specific gravity. The tests were 
carried out considering two concentration steps using a magnetic separator of drum 
DF-A50, in which the rate of feed and the speed of the magnetic drum were varied 
and the baffle angle was remained constant. Three particle sizes distribution of the 
sample were evaluated and the selected concentration was 100% ≤ 4.0 mm, since 
only this size the grade concentrate required was obtained. In the first stage of the 
magnetic concentration the best results were achieved operating magnetic drum at a 
feed rate of 100 tph/m and a speed of 90 rpm to obtain a concentrated with 63.17% 
FeT with a mass recovery of 14.10%. In a second stage of concentration the product 
of the first stage was processed, obtaining a concentrate of 62.53% FeT and mass 
recovery of 2.83%, operating the magnetic drum to speed of 140 rpm and a feed rate 
of 100 tph/m. The overall metallurgical processing, including the two stages of 
magnetic concentration, allowed to obtain a final product of 63.08% FeT and a mass 
recovery of 16.53%.  
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RESUMO 
 
O artigo apresenta os resultados dos testes de concentração magnética em seco 
aplicados aos rejeitos finais de uma planta de beneficiamento de minério de ferro da 
Região de Atacama - Chile, como objetivo de obter um produto comercial de ferro de 
alta qualidade (63% FeT). Uma amostra representativa dos rejeitos foi caracterizada 
por análise química, análise mineralógica, análise granulométrica e gravidade 
específica. Os testes foram realizados em um separador magnético de tambor DF-
A50, onde a taxa de alimentação e a velocidade do tambor magnético foram 
variados, enquanto o ângulo defletor manteve-se constante. Três tamanhos de 
partículas foram avaliadas e foi escolhida a granulometria 100% ≤ 4,0 mm, uma vez 
que somente com esse tamanho foram obtidos produtos finais de alto teor em ferro. 
Na primeira etapa da concentração magnética os melhores resultados foram obtidos 
operando o tambor magnético a uma taxa de alimentação de 100 tph/m e uma 
velocidade de 90 rpm, obtendo-se um concentrado de 63,17% FeT e uma 
recuperação de massa de 14,10%. Em uma segunda etapa de concentração, o 
melhor produto obtido na primeira etapa foi processado, obtendo-se um concentrado 
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de 62,53% FeT e uma recuperação de massa de 2,83%, com o tambor magnético 
operando com uma velocidade de 140 rpm e uma taxa de alimentação de 100 tph/m. 
O processamento metalúrgico global, incluindo as duas etapas de concentração 
magnética, permitiu a obtenção de um produto final de 63,08% FeT e uma 
recuperação de massa de 16,53%. 
 
PALAVRAS-CHAVE: ferro; concentração magnética; tambor magnético DF-A50; 
região de Atacama.  
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1. INTRODUCTION 
 

The main iron producers during 2012 were China, Australia, Brazil, India, Russia and 
Ukraine (DNPM/MME, 2013). In Chile iron production comes from the Atacama and 
Coquimbo regions. National production reached 17.330.000 metric tons of minerals 
in 2012 (SERNAGEOMIN, 2013). 
 
In the Atacama Region the major iron producers are Compañía Minera del Pacífico 
(CMP), Minera Santa Fe and Minera Hierro Atacama (MHA). Given the 
characteristics of the iron ores present (magnetite), the processing plants apply a low 
intensity magnetic concentration process on wet (MHA and CMP) and dry (Minera 
Santa Fe). The iron products are pellet, pellet feed, pellet chips and sinter. 
 
In Atacama, iron production is mainly from mining. However, MHA also have been 
processing copper tailings at their magnetite plant by using magnetic separation and 
flotation, obtaining a concentrate of high-grade Fe. 
 
Because the importance of iron, it becomes important to find alternatives for 
improving the processes of concentration, as well as to processing materials that are 
considered tailing in the ore processing plants because their low-grade Fe (Donoso, 
2013). 
 
This article shows the results of dry magnetic concentration applied to final tailings 
from an ore processing plant. The tests were carried out in magnetic drum separators 
DF-A model on two stage of concentration in order to generate a high-grade iron 
(63% Fe). Dry magnetic drum separators DF-A were operated at high speed rotation 
in a similar manner to other magnetic drums and it, are characterized by the use of 
the magnetic elements of high resistance, high speed and rotation, which allows 
them to have characteristics more suitable for the iron separation. The machine 
reaches a high efficiency eliminating thin non-magnetic material and retaining the 
magnetic materials (Eriez Magnetics, 2008). 
 
 
2. MATERIAL AND METHODS 
 
2.1. Tailings samples 
 
A representative tailing sample was collected at Minera Santa Fe processing plant 
and homogenized. The sample was characterized by chemical analysis, 
mineralogical analysis, particle size analysis and specific gravity. 
 
2.2. Dry magnetic separator model DF-A 
 
Magnetic drum models DF-A10, DF-A25 and DF-A50 were used. These models can 
be used under different conditions, either mass flow, intensity of the magnetic field 
and drum speed, to determine the best operating conditions in the treatment of the 
samples. The model´s number indicates the amount of poles that generate the 
magnetic field of the equipment. Figure 1 shows a drum magnetic separator high 
speed (DF). 
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Figure 1. Drum Magnetic Separator High Speed (DF). 

 
2.3. Metallurgical test of magnetic separation 
 
The metallurgical tests of magnetic separation were planned considering all the 
variables on the magnetic concentration process. The variables considered in this 
study were the following: drum speed and feed rate. The baffle angle of the 
equipment was established at 90º for all tests. Table 1 shows the experimental 
conditions of the metallurgical tests (second stage). 
 

Table 1. Experimental conditions of the metallurgical tests (second stage). 
 
 
 
 
 
 
 
 
 
 
 
2.4. Second stage test with the tailings from the first stage 
 
A second test of magnetic concentration was a test applied to the best result 
condition of the metallurgical test planned on the first stage of concentration. The 
selected condition for the first stage was used to generate enough mount of tailing 
material for the second stage test. Thus, the general outline for the metallurgical tests 
of this research consisted of magnetic concentration tests on its first stage and a 
second stage for processing using the product from the first stage. 
 
 
3. RESULTS  
 
Table 2 shows the chemical analysis of the sample: 43.43% FeT, 17.74% Fe 
(magnetic) and main impurities SiO2, Al2O3 and MgO. In the mineralogical 
characterization the following species were observed: a) gneissic granodiorite; b) 
amphibolite; c) magnetite and hematite; d) actinolite, pyrite, gypsum and carbonates, 
quartz as impurities. The specific gravity obtained by the method of the pycnometer 
was 2.927 g / cm3. The particle size analysis indicated 99.27% ≤ 9.5 mm. The 
preliminary tests were carried out with samples 100% under 9.5 mm, 6.3 mm and 4.0 

Test Feed rate 
(tph/m) 

Drum speed  
(rpm) 

1 70 90 

2 100 90 

3 70 120 

4 100 120 

5 85 105 

6 85 105 

7 70 140 

8 70 140 

9 100 140 

10 100 140 
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mm respectively. The best results were achieved with sample 100 ≤ 4.0 mm, which 
are presented in this paper. 
 

Table 2. Chemical analysis of the sample. 

% FeT % Fe (magnetic) % P % SiO2 % V % Al2O3 % MgO % S 

43.43 17.74 0.044 19.59 0.14 4.51 2.27 0.586 

 
The best results were reached with the drum DF-A50 model using a ≤ 4.0 mm size 
(Table 3), it obtained the ore grade of FeT required for the concentrate. For the first 
stage of concentration, the best result was obtained with a feed rate of 100 tph/m and 
a drum speed of 90 rpm, obtaining a concentrate of 63.17% FeT with a mass 
recovery of 14.10% (test 22). Table 4 showed a duplicated test to confirm the best 
results reached. It can be observed that the data obtained is totally reliable. 
 
Table 3. Results of metallurgical test of magnetic concentration utilizing a size of 100% -4.0 mm 

and magnetic separator drums DF-A10, DF-A25 & DF-A50 models (baffle angle: 90º). 

Test Model 

Feed 
rate 

(tph/m) 
 

Drum speed 
(rpm) 

FeT 
(conc.) 

(%) 

Fe magnetic 
(conc.) (%) 

Metallurgical 
recovery 

(%) 

Mass recovery 
(%) 

1 DF-A10 70 90 58.23 48.17 85.60 31.51 

2 DF-A10 100 90 58.88 49.50 81.30 29.13 

3 DF-A10 70 120 59.34 50.47 57.30 20.13 

4 DF-A10 100 120 60.04 51.51 49.00 16.87 

5 DF-A10 85 105 59.20 50.05 58.80 20.83 

6 DF-A10 85 105 59.40 50.40 59.50 20.94 

7 DF-A10 70 140 60.09 51.60 48.20 16.57 

8 DF-A10 70 140 60.11 51.63 48.10 16.52 

9 DF-A10 100 140 61.18 53.49 32.80 10.89 

10 DF-A10 100 140 61.24 53.59 32.40 10.73 

11 DF-A25 70 90 59.77 49.31 84.70 30.47 

12 DF-A25 100 90 61.11 49.97 74.50 26.46 

13 DF-A25 70 120 61.81 53.36 54.50 18.13 

14 DF-A25 100 120 62.29 53.68 48.70 16.10 

15 DF-A25 85 105 61.16 51.72 56.90 19.52 

16 DF-A25 85 105 61.19 51.80 56.50 19.35 

17 DF-A25 70 140 62.12 53.94 44.90 14.77 

18 DF-A25 70 140 62.17 53.85 44.40 14.62 

19 DF-A25 100 140 62.33 54.53 32.00 10.43 

20 DF-A25 100 140 62.35 54.74 31.90 10.33 

21 DF-A50 70 90 61.69 54.37 55.90 18.23 

22 DF-A50 100 90 63.17 56.94 45.30 14.10 

23 DF-A50 70 120 62.51 55.79 49.40 15.70 

24 DF-A50 100 120 63.30 57.26 42.20 13.08 

25 DF-A50 85 105 62.51 55.79 48.20 15.31 
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Table 4. Duplicate test carried out at the same operational condition of the best result obtained. 

 
Table 5 shows the results of second stage test that were carried out with tailings 
material obtained from better operational conditions archived in the first stage (Table 
3). It used a magnetic separator DF-A50 model and a sample with 100% ≤ 4.0 mm 
size. 
 
Table 5. Results of second stage tests carried out with magnetic separator DF-A50 model and 

100% ≤ 4.0 mm size (baffle angle: 90º). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On this second stage the best results were reached with a drum speed of 140 rpm 
and a feed rate of 100 tph/m. In this operation conditions a concentrate of 62.53% 
FeT and a mass recovery of 2.83% was obtained (test 10). 
 
Figure 2 shows the global circuit of the two magnetic concentration stages, which 
considered a material of 100% ≤ 4.0mm size obtained by crushing, the operational 
conditions for the magnetic drums DF-A50 model (for both stages), the ore grade of 
FeT and magnetic Fe obtained and the mass recovery. Figure 2 shows that 2,302,115 
tons of rejected material from the plant (R21+ R22), it can produce 380,562 tons of 
final concentrate with an ore grade of 63.08% FeT and a mass recovery of 16.53%. 

26 DF-A50 85 105 62.66 56.05 47.70 15.10 

27 DF-A50 70 140 62.73 56.17 45.00 14.22 

28 DF-A50 70 140 62.77 56.24 45.10 14.24 

29 DF-A50 100 140 63.81 58.05 24.40 7.45 

30 DF-A50 100 140 63.74 57.93 24.80 7.60 

Test Model Feed rate 
(tph/m) 

 

Drum speed 
(rpm) 

FeT 
(conc.) 

(%) 

Fe magnetic 
(conc.) 

(%) 

Metallurgical recovery 
(%) 

Mass 
recovery 

(%) 

22 DF-A50 100 90 63.17 56.94 45.30 14.10 

Duplicate DF-A50 100 90 63.17 57.06 45.30 14.09 

Test 
Feed rate 
(tph/m) 

 

Drum speed 
(rpm) 

FeT 
(conc.) 

(%) 

Fe magnetic 
(conc.) 

(%) 

Metallurgical recovery 
(%) 

Mass 
recovery 

(%) 

1 70 90 58.22 46.09 46.80 12.74 

2 100 90 60.08 49.63 36.20 9.15 

3 70 120 61.43 53.81 14.90 3.47 

4 100 120 61.61 54.37 14.10 3.27 

5 85 105 60.33 51.45 24.60 5.99 

6 85 105 60.24 52.01 25.50 6.15 

7 70 140 61.75 54.09 13.60 3.16 

8 70 140 61.77 54.23 13.40 3.11 

9 100 140 62.52 53.32 12.00 2.82 

10 100 140 62.53 56.27 12.70 2.83 
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Figure 2. Global circuit of magnetic concentration. 

 
  
4. CONCLUSIONS 
 
The magnetic concentration process is affected by variables depending of the size 
distribution and magnetic susceptibility, as well as variables depending of the 
equipment: drum speed, feed rate, baffle inclination intensity of the magnetic field. 
 
The dry magnetic concentration tests applied to final tailings from an iron ore 
processing plant allowed to obtain a commercial product of high quality iron (63% 
FeT). 
 
The best results were reached by magnetic drum DF-A50 model and 100% ≤ 4,0mm 
size. In the first concentration stage, the best results were obtained with drum speed 
of 90 rpm and a feed rate of 100 tph/m, it reached a 63.17% FeT with a 14.10% of 
mass recovery. On the second concentration stage the best results were obtained 
operated with a drum speed of 140 rpm and a feed rate 100 tph/m, it obtained a 
62.53% FeT and a mass recovery of 2.83%. 
 
The global metallurgical processing, including the two stages of magnetic 
concentration, shows that with 2,302,115 tons of final tailings from a iron concentrator 
plant, it can produce 380,562 tons of final concentrate with an ore grade of 63.08% 
FeT and a mass recovery of 16.53%. 
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