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ABSTRACT 
 

To study the effect of froth drop back (FDB) on copper concentrate grade a column with special 
shape in washing zone was designed and manufactured in Sarcheshmeh copper complex of Iran. The column’s 
height is 500 cm with the diameter of 6 cm. The three product column (3PC) is made of plexyglass material 
with a special elbow. This column has shown to yield, clean, high-grade concentrates because it separates the 
froth-rejected particles (drop-back or third product) selectively and uses two washing water entrances. This 
column is suitable to study Jw , JB , FDB and wash water addition point in conventional flotation columns. This 
cell showed promising results in terms of enrichment ratio as a copper cleaner. Also copper concentrate grade 
of 23.5% was acheived.  
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INTRODUCTION 
 
  Separation of minerals and concentrating valuable minerals from their ores is at the heart 
of mineral processing. Column flotation is today a subject of great interest in mineral processing 
with steadily growing research and industrial application. A flotation column is shown 
schematically in Figure 1. Commercial column flotation units are typically 9-15 m in height and 
0.5-3.0 m in diameter. Major advantages of columns include low capital and operating costs, better 
adaptability to automatic control and improved metallurgical performance. 
The column consists of two zones. A collection zone that has the objective of attaching 
hydrophobic particles to bubbles, and the other is froth or cleaning zone responsible for carrying 
capacity and froth enrichment. Due to the froth cleaning action carried out by wash-water in the 
froth zone above the pulp-froth interface, some drained materials from the froth return to the 
collection zone.  
The droped back material from the froth returns to the collection zone, goes back to froth, in 
cycles, remains at the pulp-froth interface and exits the column randomly. A flotation column has 
been modified to improve mass transfer rates and collection capacity (Rubio, 1996). This cell 
separates off the drained particles from the froth zone (third product) and uses a secondary wash 
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water system between the feed and the froth zone. The result is a flotation device that yields higher 
concentrate grades when compared to the conventional flotation cell. 

Falutsu and Dobby (1989) utilised this cell to measure recoveries and rates in the froth 
(laboratory scale). Rubinstein (1994) has described a similar column design but no specific results 
have been given and Rubio (2001) has used 3pc for recovering gold concentrate from tailing. The 
secondary wash water installed to reduce the degree of entrainment and entrapment of gangue 
slimes and it is responsible for the bias water in the main column. The intermidiate zone is rather 
diluted compared to the collection zone allowing bubble-hydrophobic particles to float faster. 
Based on the to column's cross-section area, parameters like gas superfecial velocity, liquid 
superfecial velocity, gas holdup and bias water  have to be set in expriments. 
Applications of the 3PC-flotation cell are reported as follows: 
 
• as a rougher-flash flotation of copper sulphides (Santander et al., 1994) 
• as a cleaner of a copper sulphide rougher feed (Rubio,1996, Valderrama et.al, 2001) 
• as a rougher-cleaner of gold (Rubio, 1996) 
• as a cleaner of Zn-Pb sulphides rougher concentrates (Cabral and Rubio, 1996) 
• as a rougher-cleaner of fluorite (Rubio and Rodriguez-Lopez, 1992) 
• as a rougher-cleaner of a gold ore (Valderrama et.al., 2000) 
 
The aim of this paper is to introduce a 3pc column as a device for producing high grade copper 
concentrate from  Sarcheshmeh copper mine. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Conventional Column Flotation. 
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METHODS AND EXPERIMENTS 
 
Columns 

The three-product column, 3PC, (Figure 2) was made from plexyglass with 6 cm internal 
diameter, 5 m height, and a special elbow to transfer pulp and bubbles to second part. The froth 
zone has been separated from the collection zone. Undesierd minerals (gangues) are carried 
downward and separated by 3rd product stream (Figure 3) resulting the a higher concentrate grade. 
For this column, the froth height was about 70 cm and the intermediate zone was varied between 
40 and 80 cm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Modified Column Flotation Cell, 3PC  
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Figure 3: Fluid Behaviour of Values, Middling and 
 Gangue Mineral Particles in 3PC Flotation Cell. 

 
 
 
Experiments 

A sample of copper sulfide ore was obtained from Sarcheshmeh Copper Mine. This 
sample corresponded to a reagentized rougher feed, was crushed and ground in a pilot plant with 
50 t/day capacity after which a stream (3 l/min) fed to 3pc column. The sample was 67% minus 
200 mesh and the solid density set as 2.52 g/cm3.  
The chemistry and mineralogy of the sample is shown in Table 1. 
 

Table 1: Chemistry and Mineralogy of the Sample 
 Chemical Analysis Mineralogical Analysis 

 Cu CuO Fe Mo Cu2S CuFeS2 FeS2 MoS2 

Grade% 1.07 0.02 4.6 0.03 0.037 2.89 6.919 0.055 

 

Reagents were added to a conditioning tank and allowed to agitate for 3 minutes and then fed to 
the column. The regents type and concentration is shown in Table 2. 
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Table2: Reagent Type and Concentration 

 Collector Frother 

reagent R407 Z11 Dowfroth250 MIBC 

Dosage (gr/t) 30 30 18 22 

 
 
The operating conditions were set as follows: 
pH= 11 (adjusted by lime addition conditioning tank);  
feed flow rate: 3 l/min;  
gas flow rate: 3 l/min;  
wash water II flow rate: 400 ml/min;  
wash water I flow rate: 600 ml/min;  
drop-back rate: 1000 ml/min. 
 
The sampling was started after 60 minutes and continued within 5 minutes intervals for 1 hour. 
The  samples were mixed, filtered, dried and analyzed. 
The tests was continued in conventional flotation cell (rougher stage) with the same sample, 
conditions and reagents. 
 
RESULTS AND DISCUSSIONS 
 

The results of chemical analysis of product in different streams of 3PC cell are shown in 
Table 3.  
 

Table 3: Chemistry of Product of the 3PC Cell 
 

Product Cu CuO Fe 

Feed 1.07 0.02 4.6 

Concentrate 23.5 0.06 30.2 

Final Tail 0.24 0.01 3.7 

Drop-Back 0.73 0.03 4.6 

 

Recovery of copper in one stage flotation (Rougher) using 3PC column was 78.4%  with a grade 
of 23.5% while, conventional flotation cell (Rougher stage) showed copper recovery of 84.5% 
with a grade of 5.3% (The results obtained in Sarcheshmeh Pilot plant scale in rougher stage).   
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Flotation of copper sulfides in the 3PC showed a higher concentrate grade. The enrichment ratio 
was of the order of 22 for 3PC and 5 for conventional flotaion cell (rougher). The high enrichment 
ratio obtained, shows the 3PC as a profoundly selective column. 
As a recommendation, for better results in copper recovery, the third product material should be 
reground and processed in another flotation circuit. 
 
CONCLUSIONS 
 

-The 3PC modified column presents certain advantages compared to the conventional flotation 
cell in terms of enrichment ratios.(comparing 22 for 3PC and 5 for rougher cells in pilot 
scale).  

- Selective separation of the froth drop-back material avoids particle recirculation, which 
contaminate concentrates in conventional cells. (high grade concentrate (23.5% Cu) in 
the first stage of flotation) 
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