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Abstract: In order to reveal the evolution rules of granular ore medium and seepage state in the process of copper oxide 

ore heap leaching, the concept of pore-fracture double-porosity media in dump leaching was illustrated, and the 

pore-fracture fractal evolution characteristics were researched in microscopic and mesoscopic level by the copper oxide 

acid leaching experiments, CT and SEM techniques. The evolution rules of the porosity and permeability with leaching 

time were obtained, and the fractal seepage model of copper oxide dump leaching for double-porosity system was 

established. The results show that the microstructure of copper oxide changes greatly after acid leaching, the fracture 

fractal dimension increases obviously; but the fractal dimension of pore between particles decreases a little. The seepage 

model is more realistic to consider the dual media, interporosity flow state between the media, dynamic porosity and 

permeability, and the fractal evolution rules, which can reveal the general rule of seepage process in dump leaching. 
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Fig. 1  Morphologies of pore-fracture media of dump leaching 

system: (a) Pores between ores; (b) Fraction in ore 

 

2   
 

CT

 
 
2.1   

10 mm
2.0 

cm 1.5 cm 0.5 cm  
 
2.2   

Carl Zeiss
EVO®18 3.0 
nm@30 kV CT

SOMATOM Sensation 16  
 
2.3   

2.5 mm



24 9                              2375

540 mm
60 mm 15 d

X CT
CT

 

SEM

60 g/L 500 mL
12 24 48 h

SEM  
 

3   
 
3.1   

CT

2  
Image J SEM

3  
 

3.2   

[13]

 

 
 

 
2   

Fig. 2  Pore evolution characteristics between particles: (a) 

Before leaching; (b) After leaching 
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Fig. 3  Evolution characteristics of particle surface crack: (a1)�(a4) SEM images; (b1)�(b4) Binary images; (a1), (b1) 0 h; (a2), (b2) 

12 h; (a3), (b3) 24 h; (a4), (b4) 48 h 
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Fig. 4  Calculated results of fracture fractal box dimension 

after acid leaching for 48 h 
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Fig. 5  Evolution rule of fracture fractal dimension 
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