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 Following mining, preparation of ores for metal extraction 
in case of metallic ores, or production of end product in 
case of non-metallic ores and coal. 

 
• Ore Dressing  
• Mineral Dressing  
• Concentration 
• Milling 
• Beneficiation 
• Mineral Processing 
  



Size Reduction 
(Comminution) 

 To break apart and liberate valuable 
minerals from unwanted waste minerals by 

• Crushing 
• Grinding 









Free-Milling Gold 



Refractory Gold in Pyrite 



Gyratory Crusher 



Coarse Ore Stockpile 



SAG and Ball Mill Grinding 



Ore Fragmentation after Grinding 



Minerals Separation 

• Gravity Concentration 
• Spiral 
• Shaking Table 
• Jigging 
• Sluice 
• Heavy Media Separation 



Gravity Concentration Principles 

• Gravity concentration methods separate 
minerals of different specific gravity by 
their relative movement in a fluid medium, 
in response to gravity and other forces.  

• For efficient separation heavy particles 
from the light particles the gravity 
separation feed must be closely sized.  



Terminal Settling Velocity 
• Stoke’s Law: Free Settling        d<50 µm 

 vt = gd2 (Ds – Df ) / 18η 
 

Newton’s Law: Turbulent Settling    d>500 µm 
  vt = {(3gd (Ds – Df)) / Df }½ 
 

V= Terminal velocity    g= Gravitational Acceleration 

d= Particle diameter    η= Viscosity of Fluid Medium 
Ds= Density of Solid    Df= Density of Fluid  

Settling velocity of particles depends on both 
particle size and specific gravity 

 



Double-Start Spiral concentrators 







Spirals on Heavy Mineral Sands Dredges 



Heavy Mineral Sands Mining Dredge 



 



Heavy Minerals Separation on Shaking Table 



Scrap Copper Processing with Shaking Table 



Mineral Jig 







Magnetic Separation  



Magnetic Drum Separator 



Electrostatic Separator 











Froth Flotation 

• Utilizes the differences in physico-
chemical surface properties of mineral 
particles. Sought-after mineral treated with 
reagents to render its surface hydrophobic 
and attach itself to air bubble to rise to the 
surface.  















Copper Sulfide Flotation Concentrate 







Tailings Thickeners 



Miami (Arizona) Copper Smelter 



Miami Copper Tailing Piles 





Rehabilitation of Tailing Piles 







Re-mining High Copper Oxide Tailings 







Acid Leaching of Oxide Tailings 



Solvent Extraction of Copper 



Solvent  Extraction  of  Copper 

• Extraction Stage: 
 
 2RH (org) + Cu2+ (aq) → R2Cu (org) + 2H+ (aq) 
 Barren Organic         PLS       Loaded Organic Acid 

• Stripping Stage: 

 R2Cu (org) + 2H+ (aq) → Cu2+ (aq) + 2RH (org)   

   Loaded            Spent   Strong   Stripped 
    Organic        Electrolyte             Electrolyte              Organic 

Presenter
Presentation Notes
PLS – Pregnant (copper bearing) leach solution 
(See Table for concentrations)

Spent electrolyte ~ 35-40 g/l Cu, 150-160 g/l H2SO4
Strong Electrolyte ~ 45-50 g/l Cu, 160-180 g/l H2SO4
Units g/l or kg/m3



Electrowinning Tankhouse 



Electrowinning of Copper 

• Cathode: 
  Cu2+ (aq) + 2e  →  Cuo  
• Anode: 

   H2O → 1/2O2 (g) + 2H+(aq) + 2e 
• Overall Rx: 

 Cu2+ (aq) + H2O  →  Cuo + 1/2O2 + 2H+  
 

Presenter
Presentation Notes
In the electrowinnig cells, water decomposes at the anode, generating acid, and copper deposits at cathode.



Heap Leaching Run-of-Mine Ore 

Presenter
Presentation Notes
Heap Leaching pads, Chino, NM
Copper ore from the mine hauled with dump trucks and place onto heaps (leach pads in the foreground).
Dilute acid (leach) solution is sprayed on the ore (background).



Presenter
Presentation Notes
Hydrometallurgical route for copper extraction from ores amenable for heap leaching (oxidized copper ores)
Schematic overview of copper extraction by heap-leaching, solvent extraction and electro-winning (SX-EW)



Electrolytic Copper 



Scrap Iron for Copper Cementation 



Old Cementation Launders  



Recovery of Sphalerite and Garnet from 
Hanover Empire Zinc Mine Tailings 

• Recovery of zinc and garnet from four small 
tailing piles were studies before they were 
removed and placed on the large (#1) pile. After 
light grinding and desliming, zinc sulfide was 
floated, followed by sulfidization and zinc oxide 
flotation. Garnet was recovered from flotation 
tailings by gravity separation. Although smelter 
grade zinc concentrate was obtainable, the 
capital and operating costs of a new flotation 
plant were not justified. Garnet concentrate was 
mostly andredite and poor quality due to particle 
size and pyroxene contamination.  











Hanover #1 Tailings Pond Rehabilitation 



Tailings Pond #1 Topsoil Cap 













Summary 
• Recovery of valuable minerals from ores is 

never complete due to incomplete 
liberation from the waste minerals and 
inefficiency of the separation processes.  

• Recovery of valuable minerals from mill 
tailings will depend on the mineralogy, 
particle size, and economics.  
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