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Abstract 

The effect of mineral paricle size on the copper bioleaching by Acidithiobacilus have been studied.Increasing 
the particle size from 0.15 mm to 3.4 mm enhanced the copper recovery from 51% to 93%. While the copper 
recovery of finely ground particles (<0.15 mm) was76 %. Also increasing the particle size between 3.4-6 mm 
adversely influenced the activity of bacteria and copper recovery of this fraction was70 %. 
Introduction 

Biohydrometallurgical processes play an increasingly important role in the extraction of 
metals from low grade ore. An increase in environmental awareness and need for cost- effective 
processes have led to Consideration of biohydrometallurgical approaches for treatment of 
certain mineral sulphides. Advantages of a bioleaching process include the absence of noxious 
off-gases or toxic effluent, simplicity of plant operation and maintenance, safety consideration, 
and tolerance to a wide range of sulphur grade minerals (Nemati et al , 2000).  
Metal recovery from sulphide minerals is based on the activity of chemolithotrophic bacteria, 
mainly Acidithiobacillus ferrooxidanse and Acidithiobacillus thiooxidanse, which convert 
insoluble metal sulphides into soluble metal sulfates (Busker, 1997 ). 
 

The particle size distribution of the mineral is an important parameter in biorecovery of 
metals(Nemati et al , 2000 ). Information concerning the effect of particle size on the 
microbiological leaching of insoluble metal sulphides has been published by a number of 
writers(Torma et al , 1972). Erlier studies have investigated the effect of surface area on 
leaching by varying particle size. Most of them reported increasing leaching rates with 
increasing surface area. In contrast to those observations, sherihari et al report an increase in 
leaching rate with increasing particle size for chalcopyrite in the particle size range 68-
1400µm(Shanableh and omar, 2003). The resulte of Shanable and Omar also showed 
bioleaching of metals is more effective for large- grained soils than for fine - grained 
soils(Shrihari, 1995).Nemati et al suggested that the precence of fine particles damege the 
structure of the cells, resulting in their inability to oxidize mineral(Nemati et al , 2000). In 
present study shake flask experiments were conducted with a sample of low grade copper ore. 
The particle size alone has been varied at a fixed pulp density to elucidate its effect. 
 
Material and Methods 
 
Bacteria and culture medium: 

The mesophilic bacteria used in this study were mixed culture of Acidithioobacillus 
ferroxidanse, Acidithiobacillus thiooxidanse and Leptosprillum ferrooxidanse. The optimum 
temperature, pH and culture medium were 32°C, 1.8 and 9k medium respectively. 
 
Mineral: 

A sample of low grade suphide ore was taken from Sarcheshmeh copper mine. The 
sample was passed through a crusher. Using standard sieve plates, the mineral was classified 
into 5 different size fractions.  
 

Archive of SID

www.SID.ir

mailto:A_safavi_nejad@yahoo.com
www.sid.ir
www.sid.ir


 

 

Methods: 
Oxidation experiments were performed in 500 ml flasks with a liquid volume of 200 

ml.Sample of 10 grams from each fraction and 170 ml 9k medium were added to the flasks and 
the initial pH was adjusted to 1.8 using concentrated sulphuric acid. A 10% (V/V) inoculation of 
a fresh culture of bacteria was added to the flasks. The flasks were mounted on a gyratory 
shaker with 150 rpm. pH and Eh values measured daily using a WTW pH/Eh meter. After the 
test completion the copper of each flask was determined. Copper was analyzed by AAS method. 

 
Result and discussion 

The total recvery of copper from different size fractions ore presented in table 1. It can be 
seen that, up to 0.15 mm fraction, the rate of bioleaching increase with increasing particle size 
in spite of the smaller surface area offered by the larger particles.These unexpected results have 
been explained by assuming that the bacteria preferentially attach to specific sites, which ore 
formed during grinding. Maximum copper recvery(93)% was belonged to fraction 1.6-3.4 mm 
after this fraction particle size <100mm has high level of copper recovery(76%), but high 
crushing in large scale such as bioheap leaching is very expensive and difficult. 
 Figure 1 shows the oxidation reduction potential (ORP) variations during the process. ORP 
values in all fractions increased at a rate much more than the fraction <0.15mm because finely 
ground particles inhibit bacterial oxidation by very low levels of toxic components which 
potentially retard bacterial oxidation, also small particles increase the apparent viscosity of the 
slurry and decrease oxygen transfer rates. On the other hand the presence of fine particles 
damage the structure of the cells, resulting in their inability to oxidize pyrite. 
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Table1.Copper recovery of different particle size 

NO Size(mm) Copper 
recovery(%) 

1 <0.15 mm 76 
2 0.15-0.8 mm 51 
3 0.8-1.6 mm 63 
4 1.6-3.4 mm 93 
5 3.4-6 mm 70 
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Fig1. ORP changes in different size fractions 
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