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RESEARCH OF COPPER RECOVERY  
BY FOAM SEPERATION  FROM FLOTATION 
TAILING 
 

 
The most important factor affecting the operation of flotation equipment is the ability of this 

equipment to produce fine bubbles; this also affects kinetics flotation and throughput. Effective 
bubble-particle collision and maximizing recovery into foam products allow for high recovery and 
efficient use of installed equipment capacity.  In this study, the contents of copper, iron, and 
molybdenum in the tailings after the flotation of the mining plant were determined by atomic 
absorption spectrometry, experimental-dependent sketches were performed, the test results were 
obtained using regression equations, and the optimal test conditions were optimized. 

The study used ore samples of granulation sizes ± 0.044 mm (>44 휇푚, <44 휇푚). The froth 
flotation had a pH of 10, a casein concentration of 17 mg/l and a froth flotation time of 2 minutes and 
30 seconds. 
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Introduction 
Copper is one of the most widely used metals. The largest copper concentrating factories in the 

world operate in our country. Froth flotation has been successfully used for separating or concentrating 
minerals and other particulate materials, which is achieved based on different surface hydrophobicity of 
particles. The particles with a typical range between 20 μm and 150 μm can be effectively beneficiated 
by froth flotation [1; 2]. However, according to Jameson [1], the flotation of particles smaller than 20 μm 
is always challenging in mineral processing. The fundamental reason of such a challenge is low 
probability of bubble-particle collision in the collection zone. Advances in mineral processing have 
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resulted in a substantial amount of fine or very fine particles. The effective flotation of fine particles has 
been gaining more technological importance. 

As considered in previous studies, the flotation method using bubbles is one of the fastest 
methods of solids-liquid separation. Moreover, foam separation or foam fractionation, which is generally 
classified as an adsorptive bubble separation method, has received considerable interest because of its 
simplicity, rapidity, high efficiency, easy scale-up, and cost-effective removal of hazardous components 
from aqueous solutions. 

The copper content reduction has become one of the problems facing and it is due to the 
deepened primary sulfide ores in open-pit mining. With this regard, the content of the ore is reduced 
changed contents and physical, mechanical quality of minerals, and increased tectonic fracture of ores 
and fine particle content creates the problem. Copper-Molybdenum ores that using in this study are 
copper-porphyry deposits and consist of oxidized, primary, and secondary sulfide ores in ordered 
regions without clear visible separation. Often these regions contain precious metals in the isomorphic 
mixture but sometimes as minerals and particles [3]. 

Iron sulfide and copper sulfide ores often coexist in a eutectic mixture and are difficult to separate 
in the flotation process. To separate such minerals and reveal their valuable components, 80–90 % of 
the ore is crushed to a particle size of less than 0.074 mm. However, this method is dangerous because 
most of the ore is too fine fraction 0.02 mm lower, so it is impossible to obtain valuable components with 
the simple flotation technology that is currently used for fine-grained ore, and it is recommended to use 
the froth flotation separation method to reduce air bubble size to fine dispersion (> 10 μm). Casein was 
used as a collector and foam former. Casein has known due to its unique characteristics such as 
surface-active protein, including a high foaming capacity and eco-friendliness and possesses various 
metal-ion-binding sites in its molecular structure, including amino groups, phosphate groups, and 
carboxylate groups [5]. Therefore, casein, when used as a surface-active substance, can bind 
hazardous components via electrostatic interaction while also acting as a frothier, in addition, the linked 
particles can be reformed into hydrophobic colloidal particles [6]. 

In this study, the usefulness of this method was evaluated for the removal of fine ores by foam 
separation using casein. 

 
Materials 
Particle size distribution analysis was performed using vacuum filtration and flotation tailing 

samples were filtrated which are lower than selective particle size (44	휇푚). 
The surfactant and foaming agent was used Casein at a purity of >96 %. Sodium hydroxide 

NaOH and 1М Ca(OH) were used to alter the pH of the mineral suspensions.All water used throughout 
was distilled. 

 
Flotation foam separation 
To prepare the suspension, 0.4 g was taken from the sample with a granule size of 

± 0.044 mm. Casein was added to the suspension at a concentration of 15 mg /l; 25 mg / l and stirred 
for 1 min.The milk casein was dissolved at a concentration of 1 000 mg L-1 in 0.01 M NaOH solution. 
The foam was subsequently separated by transferring the prepared slurry solution into a cylindrical 
column (height 62 cm, diameter 4 cm) of the batch flotation equipment illustrated in Fig. 1. The foam 
generated on the water surface was recovered in a trap bottle by an aspirator. The recovered foam is 
referred to as “foam water”. The processing time for foam separation was 2 min 30 second, the flow 
rate of the air supply was 0.3 L-air min-1. The concentrate was filtered, dried, and decomposed to 
determine Cu, Mo and Fe using AAS. 
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Evaluation of the foam-separation process 
The percent recovery (εCu), the yield of concentrate (훾 ) of copper are defined by the following 

equations: 
 

훾 = 100 %                                                                 (1) 
훾  – yield of concentrate; 
    G – mass of concentration/gr/; 
    Q – mass of ores/gr/ 

 
휀 = ∙                                                                     (2) 

휀  – recovery, %, 
   훽 – copper content in concentrate, %, 
   훼 – copper content in ore, % 

 
To determine the optimal efficiency, we used the regression equations, the dependence of copper 

recovery (Y, %) on the casein content and ore granulation. 
 

y=푎 ± 푎 푥 ± 푎 푥 ± 푎 푥 ,                                                  (3) 
 
Results and discussion 
Table 1 shows the concentration of Cu, Mo, and Fe in the sample was determined using an 

atomic absorption spectrometer (AAS). 
 

Table 1 
 

Content of Cu, Mo, and Fe in ore after copper concentration 
 

Sample Granulation(mm) 
Concentration 

퐶푢 /  푀표 /  퐹푒% 
Copper sulfide ore tailings +0.044 18.27 0.34 28.49 

–0.044 13.65 0.32 28.60 
 
In ore tailings, the copper content is 13.65–18.27 mg / kg. 
 
Concentration of casein 
The relationship between ore particle size and casein concentration using the foam separation 

method shows in Table 2, where the total solution volume is 500 ml and the pH of the 1M Ca(OH)2 
solution adjusted to 11. 

 
Table 2 

 

Experiment design and content of Cu, Mo and Fe in concentrate after foam separation 
 

№ ore granulation 
(mm) 

casein concentration 
(mg/l) 퐶푢 /  푀표 /  퐹푒% γ  

1. +0.044 15 25.63 0.39 29.48 24.38 
2. +0.044 25 26.15 0.41 26.83 39.40 
3. –0.044 15 19.82 0.32 24.58 31.00 
4. –0.044 25 10.56 0.14 25.12 15.28 
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Using the concentrate yield, the following Equation-4 was obtained. 
 

y = 27.5+4.37푥 − 0.18푥 + 7.69	푥 ,                                               (4) 
 
The model shows that if the X1 factor and the ore particle size increase, the concentrate yield will 

improve, and the X2 factor and casein concentration will need to be slightly reduced from zero levels. It 
is recommended to increase the concentration of casein to 17 mg / l. 

In the concentrate contains a lot of iron 
 
Dependence pH and time 
Iron can be oxidized by blowing air through the alkaline solution and should reduce the iron 

content of the concentrate to form iron (III) hydroxide according to the following equations. 
 

4FeS+9푂 +8푂퐻 +2퐻 푂 =4Fe(OH) +4푆푂                                     (5) 
 

Table 3 
 

Experiment design and content of Cu, Mo and Fe in concentrate after foam separation 
 

№ pH 푂 blowing time 퐶푢 /  푀표 /  퐹푒% γ  
1. 12 20 20.51 0.09 11.13 24.02 
2. 12 40 22.95 0.10 13.46 24.57 
3. 12 60 24.16 0.11 14.66 24.89 
4. 10 20 25.92 0.15 15.09 25.12 
5. 10 40 26.25 0.17 18.81 26.01 
6. 10 60 27.33 0.18 19.98 27.42 

 
The air supply reduced the iron content by 40-50%. 
Using the concentrate yield, the following Equation-6 was obtained. 

 
y=25.34-0.85푥 +8.95푥                                                           (6) 

 
The model shows that the concentrate yield will increase if factor X1 and solution pH are slightly 

reduced to 10, and factor X2 and blowing time increase to 80 minutes. 
 
Conclusion 
1. According to the research data, in ore tailings, the Cu content is 13.65–18.27 mg/kg, Mo – 

0.32–0.34 mg / kg, Fe – 28.49–28.60 %, respectively. 
2. Based on the test results, the following optimal flotation conditions for foam separation were 

established: the amount of flotation collector reagent (casein) 17 mg/l, purge time 80 minutes, and 
pH=10, respectively. 

 
REFERENCES 

1. Jameson G.J. New directions in flotation machine design // Miner. Eng. 23. – 2010. – Р. 835–841. 
2. Norori-McCormac A., Brito-Parad P.R., Hadler K., Cole J.J. The effect of particle size distribution on 

froth stability n flotation // Sep. Purif. Technol. 184. – 2017. – Р. 240–247. 
3. Ganbaatar Z. Scientific substantiation and development of technology for processing difficult to digest 

copper-molybdenum ores of the tectonic disturbance zone: Ph.D. Degree Dissertation / Moscow State Mining 
University. – 2011 (in Russian). 



 
ХИМИЧЕСКИЕ НАУКИ 

 

21     
  
  

 
 

ISSN 2587-9022. АКТУАЛЬНАЯ НАУКА. 2020. № 11 (40) 

4. Maralmaa B., Erdenechimeg D., Koichiro Sh., Yoshihiro S. Removal and recovery of heavy metals from 
industrial wastewater by precipitation and foam separation using lime and casein // Environ. Sci. Technol. – 
2018. – № 11. – P. 1–9.  

5. Pomastowski P., Sprynskyy M., Buszewski B. The study of zinc ions binding to casein // Colliods Surf. 
B; Biointerfaces. 120. – 2014. – P. 21–27.  

6. Bhat M.Y., Dar T.A., Singh L.R. Casein Proteins:Structual and Functional Aspects // Milk Proteins: From 
Structure and Functional Aspects // Milk Proteins: From Structure to Biological Properties and Health Aspects / 
Gigli I. (Ed.). – Rijeka: Tech Publisher. – 2016. – P. 3–18. 

7. Smogunova A.N., Pashkova V.I., Bilih L.I. Mathematical planning of an experiment in methodological 
research in analytical chemistry: Study guides. – 3rd ed. – Lan-press publishing house Irkutsk, 2018. 

8. Erdenechimeg D. Chemical technology of precious non-ferrous and non-ferrous metals. – Publishing 
house NUM press, 2019. – P. 78–91. 

9. Kazutoshi H., William T., Atsushi Sh. Investigation of Flotation Parameters for Copper Recovery from 
Enargite and Chalcopyrite Mixed Ore. – The Japan Institute of Metals, 2012. – P. 707–715. 

10. Xihuan T., Yefei L., Hong J., Rizhi Ch. Microbubble generation with shear flow on large-area 
membrane for fine particle flotation // Processing. Intensification. 145. – 2019. – P. 1–8. 

11. Davaasambuu D., Lhagvasuren J., Damdinjav J. Minerals – Extraction, Production and Consumption 
of Elements. – Publishing house Ulaanbaatar, 2000 (in Mongolian). 

 
 
 
 

Цедев Ц. 
Буйинлхам Т. 
Маралмаа Б. 

Оюн Б. 
Эрденечимег Д. 

 
Кафедра химической и биологической инженерии 

Школа инженерных и прикладных наук 
 

Национальный университет Монголии 
Монголия, г. Улан-Батор 

 
 
ИССЛЕДОВАНИЕ ВОССТАНОВЛЕНИЯ МЕДИ ОТДЕЛЕНИЕМ ПЕНЫ  
ОТ ФЛОТАЦИОННЫХ ХВОСТОВ 
 

Наиболее важным фактором, влияющим на работу флотационного оборудования, является 
способность этого оборудования производить мелкие пузырьки; это также влияет на кинетику фло-
тации и производительность. Эффективное столкновение пузырьков с частицами и максимизация 
рекуперации в пенопластовые продукты обеспечивают высокую рекуперацию и эффективное ис-
пользование установленной мощности оборудования. В данной работе методом атомно-
абсорбционной спектрометрии определено содержание меди, железа и молибдена в хвостах после 
флотации горнорудной установки, выполнены экспериментально-зависимые эскизы, получены ре-
зультаты испытаний с использованием регрессионных уравнений и оптимизированы оптимальные 
условия испытаний. 

В исследовании использовались образцы руды с размерами грануляций ± 0,044 мм (>44 мкм, 
<44 мкм). Пенная флотация имела рН 10, концентрацию казеина 17 мг / л и время пенной флотации 
2 минуты 30 секунд. 

 
Ключевые слова: флотация, руда, грануляция, медь, железо, молибден. 


