
 

 

Introduction 

Bioleaching has been successfully applied to heap leaching, 

tank leaching and in-situ leaching of low grade ores. In early 

1960s, remarkable economic benefits were achieved by 

carrying out bacterial in situ leaching in some mines of Lake 

Eliot, Canada[1], Spain[2], Russia[3] and Japan also carried out 

study on bioleaching and successfully applied the technology 

of bioleaching to the treatment of uranium, gold and copper 

ores and wastewater.Uranium mine in Hunan province is the 

earliest one in China to apply bio leaching technology. During 

1965-1971, the Institute of Microbiology of the Chinese 

Academy of Sciences and the former five locations of nuclear 

industry carried out heap leaching research on surface ore 

with acid and bacteria[4]. In the early 1990s, the Institute of 

Uranium Mining of nuclear industry carried out indoor 

bacterial leaching experiments on uranium ore and studied the 

in situ bacterial leaching of low grade crushed ore of mining 

site. 

Bioleaching is the recovery of metal from ore using single-

cell microorganism[5], [6]. It is a slow process[7]–[9] and rate of 

bioleaching depends upon different factors like permeability 

of host rock, oxygen, pH, temperature, high content of pyrite 

in ore, uranium minerals favorable for growth and action of 

bacteria and presence of minerals that provide nutrition. 

Extraction of uranium through bacteria is due to association 

of uranium minerals with pyritic and sulfide mineralogy[10]. 

Thiobacillusferroxidans bacteria are considered the main 

source for uranium bacterial leaching.Metal (uranium) can be 
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extracted from sulfide minerals by either direct bioleaching or 

indirect bioleaching [11].  

In direct mechanism, Thiobacillusferroxidans bacteria 

attached physically to the surface of uranium sulfide mineral 

and oxidation of sulphide to sulphate takes place using 

intrinsic enzymes[6], [12] and results in leaching of uranium 

from ore but the understanding regarding initial solubilization 

of metal and attachment mechanism of bacteria cell are not 

completed. The bacteria definitely attach to crystal 

imperfection sites rather than attaching to the whole surface 

of mineral. Similarly electrochemical interaction is 

responsible for metal dissolution[13]–[15]. 

In direct mechanism oxidation of pyrite takes place. After 

pyrite is oxidized, sulphuric acid and ferric sulfate are 

produced[16]. Sulphuric acid dissolves uranium minerals 

containing uranyl ions. Ferric sulphate oxidizes UO2 to 

UO2
2+[17]. 

In the presence of leaching bacteria, oxygen and water, pyrite 

will react as follows: 

4𝐹𝑒𝑆2 + 14𝑂2 + 4𝐻2𝑂
𝐵𝑎𝑐𝑡𝑒𝑟𝑖𝑎
→      4𝐹𝑒𝑆𝑂4 + 4𝐻2𝑆𝑂4 (1) 

Ferrous sulfate is oxidized to ferric sulfate: 

4𝐹𝑒𝑆𝑂4 + 𝑂2 + 2𝐻2𝑆𝑂4
𝐵𝑎𝑐𝑡𝑒𝑟𝑖𝑎
→      2𝐹𝑒2(𝑆𝑂4)3 + 2𝐻2𝑂 (2) 

Equation 1 & 2 can be combined to describe direct pyrite 

bacterial oxidation 

4𝐹𝑒𝑆2 + 15𝑂2 + 2𝐻2𝑂
𝐵𝑎𝑐𝑡𝑒𝑟𝑖𝑎
→      2𝐹𝑒2(𝑆𝑂4)3 + 2𝐻2𝑆𝑂4 (3) 

In indirect mechanism the bacteria cell do not physically 

attach to the sulfide mineral rather it produce solution which 
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chemically oxidize the sulfide mineral. In acid solution, ferric 

ions are the solution that is produced by bacteria. 

 

𝑀𝑒𝑆 + 𝐹𝑒2(𝑆𝑂4)3 → 𝑀𝑒𝑆𝑂4 + 2𝐹𝑒𝑆𝑂4 + 𝑆
𝑜 (4) 

The ferrous ions produced during this reaction of sulfide 

mineral oxidation is utilized and re-converted/ re-oxidized 

into ferric ions by Thiobacillusferroxidans bacteria which 

further perform oxidation process of sulfide minerals. In 

indirect mechanism, Thiobacillusferroxidans bacteria act as 

catalyst to enhance the re-oxidation process of ferrous ions 

and convert into ferric ions. Ferrous ions oxidation by bacteria 

(pH 2-3) is observed to be 105-106 faster than that of chemical 

oxidation [18]. Sulfur produced in equation 4 may be oxidized 

by Thiobacillusferroxidans bacteria and convert into 

sulphuric acid (H2SO4). Oxidation of tetravalent uranium 

(insoluble) to hexavalent uranium (soluble) is an example of 

indirect mechanism.  

2𝑈𝑂2 + 2𝐹𝑒2(𝑆𝑂4)3 → 2𝑈𝑂2𝑆𝑂4 + 4𝐹𝑒𝑆𝑂4 (5) 

The ferric sulphate solution is considered to be produced by 

pyrite oxidation by Thiobacillusferroxidans bacteria (Eq 3). It 

is also observed that T.f bacteria produce enzymes which 

directly oxidize tetravalent uranium and convert into 

hexavalent uranium [19]. 

Another mechanism known as galvanic mechanism [20] in 

which sulphides of two different phases having different 

potentials come close to each other causing potential 

difference due to which movement of electrons take place 

which results in oxidation reduction process and leaching of 

uranium takes place at anode. Thiobacillusferroxidans 

bacteria produce sulphates by conversion of sulfur and allow 

dissolution at anode[21], [22]. 

Experimental Device and Test Conditions 

Materials 

The samples are drilling core samples that have been collected 

from the site near in situ leaching (acidic system) mining site. 

The detail of drilling core samples is given below in table 1. 

Table 1 Core Samples Detail 

 

Table 2 shows the chemical analysis results of core sample. 

Table 2 Chemical Analysis of Ore Sample 

 

Sample Preparation and Loading 

The core samples has been crushed into five different particle 

size range i-e>1mm, 1-0.5mm, 0.5-0.25mm, <0.25mm. 

1.5g/cm3 bulk density is used for this test and sample is 

weighed according to bulk density. PVC column is designed 

and used for this test with sample length 32cm and inner dia. 

4cm. Column is loaded with sample in a way that gravels were 

placed at bottom with nylon mesh at its top and then sample 

is loaded in such a way that after every 2-3cm loading of 

sample, the sample is compressed with wooden cylindrical 

bar so that the sample is uniformly distributed within the 

column. After sample loading, nylon mesh is placed on 

sample and gravel placed above all. Valves are placed at top 

and bottom of column. Once sample is loaded, the column is 

subjected to permeability test for which tap water is injected 

through the column and flow rate was measured for two to 

three days. Average flow ratefor column is 6.15ml/hrand 

Sr. 

No 

Core 

Sample 

No. 

Sampling 

Depth (m) 

Sample 

Length 

(cm) 

Lithology 

1 
YSC-1-

K9 

144.05-

144.15 
0.1 

Grey 

siltstone 

2 
YSC-3-

K-3 

137.85-

138.05 
0.2 

Light 

yellow 

medium 

sandstone 

3 
YSC-4-

K-1 

136.60-

136.75 
0.15 

Grey 

medium 

sandstone 

4 
YSC-5-

K-4 

133.32-

133.52 
0.2 

Grey pack 

sand 

5 
YSZ-1-

K-5 

136.09-

136.39 
0.3 

Grey pack 

sand 

6 
YSZ-1-

K-27 

143.87-

144.07 
0.2 

Light 

yellow 

coarse sand 

rock 

7 
YSZ-2-

K-3 

138.28-

138.53 
0.25 

Grey pack 

sand 

8 
YSZ-2-

K-8 

141.14-

141.34 
0.2 

Light 

yellow 

coarse sand 

rock 

9 
YSZ-4-

K-2 

134.97-

135.12 
0.15 

Grey pack 

sand 

10 
YSZ-4-

K-21 

139.07-

139.22 
0.15 

Grey 

medium 

sandstone 

Element/Mi

neral 

Concentra

tion  

Element/Mi

neral 

Concentra

tion 

S 0.07% K2O 2.69% 

U 198µg/g MgO 0.43% 

Al2O3 12.10% Na2O 0.11% 

CaO 0.13% SO3 0.18% 

Fe2O3 1.42% TiO2 0.51% 

Fe3+ 0.35% MnO 0.01% 

FeO 0.83% P2O5 0.03% 

SiO2 78.48% - - 
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permeability coefficient was determined according to 

Darcy’slaw 𝑄 = KA
H

L
and found to be 0.020m/d.  

 
Figure 1 Test device 

Test Conditions 

After permeability test, column is subjected to bioleaching. 

Initially pH value of the column is lowered to 2 by injecting 

H2SO4 (3g/l) to make column environment feasible for 

bacteria growth. Once the desired pH is achieved, the column 

is injected with solution composed of H2SO4 (6g/l), Fe source 

(1.5g/l containing Fe3+ 0.75g/l, Fe2+ 0.75g/l) and bacteria 

(Thiobacillusferroxidan).  

Preparation of Bacteria Medium 

9K medium is used to grow bacteria. 9K medium consists of 

liquid A and liquid B. Liquid A consists of solution that is 

prepared by adding (NH4)2SO4 (3.0g), K2HPO4 (0.5g), KCl 

(0.1g), MgSO4.7H2O (0.5g), Ca(NO3)2 (0.01g) in 1000ml of 

deionized[23]. Liquid B consists of Fe2+ solution (50g/l) which 

is prepared by adding FeSO4.7H2O (25g/l) in 200ml deionized 

water. H2SO4 is used to maintain pH 1.8. 

 Initially liquid A is added into flask and pH is maintained at 

1.8 using H2SO4. High pressure sterilization of flask is done 

using pressure cooker for 20 minutes (T=121˚C, P=0.1MPa). 

After liquid A reach at room temperature, bacteria culture and 

liquid B is added. The flask is set in a shaking machine at 120 

rpm (30˚C). After approx. 24 hours bacteria medium is 

prepared indicated by conversion of Fe2+ to Fe3+. Bacteria are 

filtered from medium using filter paper (0.22μm) by suction 

pump. For each column, bacteria extracted from 500ml 

medium were used to ensure the efficient activity of bacteria 

in solution each day.    

Down flow mechanism for column leaching was applied by 

maintaining constant head by using Marriott bottle at some 

height from the column and solution passes through the 

column by gravity. The samples collected twice a day after 12 

hours. Eh and pH values were measured by using pH and Eh 

meter (OHAUS model: ST3100). Fe2+, Fe3+ and ΣFe 

concentrations were measured by applying titration 

technique. Uranium content was determined by ICP-OES 

machine (5100 Agilent Technologies). All these content were 

measured simultaneously.  

Results and Discussion 

In this column, acidification has been done till 153hrs. From 

figure 2, it shows that initially Eh value falls from 247mV to 

209mV whereas pH value increased from 5.96 to 7.06 after 

approx. 45 hours. The reason for this change is that the sample 

has been collected from the site that is near in-situ leaching 

(acidic) mining site. Therefore, the pH of sample was slightly 

lower than neutral.Dilution with tap water at the start of 

leaching test causes the pH value rise to neutral and lower the 

Eh value of the column. This change of pH and Eh values 

causes the precipitation of uranium. After approx. 50 hours 

pH value start decreasing and Eh value rise with time 

indicating the column environment becoming acidic and 

oxidizing.  Once pH=2, the solution containing H2SO4 (6g/l), 

Fe source (1.5g/l) and bacteria injected into column. The pH 

value lowers to 1.5 and Ehvalue rises to 540mV with time and 

remains stable for rest of test.  

From uranium profile, initially the uranium concentration 

remains minimum till 90 hours. This is due to change of pH 

and Eh values that take place at the early stage of test due to 

dilution with tap water. These changes leads to the change of 

the migration environment i-e causes solute (uranium) to fall 

into the reduction environment, and the dissolved uranium 

reduced/hydrolyzed and precipitated. After 90 hours, 

dissolution of uranium occurs and concentration of uranium 

rises in leach solution. The dissolution of uranium consists of 

two stages; in the first stage more rapid dissolution takes place 

which starts approximately 90 hours after solution has been 

injected. In second stage, dissolution slowdown gradually[24], 

[25]. The more dissolution in the first stage that give rise to U 

peak is due to the re-dissolution and accumulation of uranium 

in the pre hydrolyzed precipitation. With the continuous 

addition of the fresh solution, the reduced environment 

changes to the oxidizing environment, and the previously 

precipitated uranium re-dissolved. After 177 hours, solution 

containing bacteria medium and iron solution were injected. 

Fe3+ solution act as an oxidizing agent and oxidize U (IV) to 

soluble U (VI) which further react with acid to form soluble 

complexes. Fe3+ converted into Fe2+ which is utilized by the 

bacteria to convert them back into Fe3+. Dissolution of 

uranium decreased gradually and reaches its minimum value 

after 375 hours.  

Flow rate decreases initially after the injection of solution is 

due to the settling of fine particles and the hydrolysis of Fe2+, 



Column bioleaching of sandstone type uranium ore deposit 

 

 125 

Al and Fe3+ at the pH > 6, >4-5 and >3 which causes temporal 

plugging but the flow rate starts gradual increase as the 

environment become more acidic and pH decreases which 

causes the re-dissolution of previously precipitated of 

Fe(OH)2, Al(OH)3 and Fe(OH)3. The flow rate increases 

drastically after 350 hours and reaches to 14.5 ml/hr. 

 

 
Figure 2 Relationship b/w U, flow rate, Eh, pH & t 

 

Figure 3 shows the relationship between U, Fe2+, Fe3+, Fe, pH 

and Eh. In this figure, it shows that iron and bacteria medium 

(Fe2+ 0.75g/l, Fe3+ 0.75g/l) has been injected after 177 hours 

as pH value of the column reach 2. It can be seen that Fe2+ 

concentration increased rapidly showing that U (IV) 

(insoluble) is oxidized to U (VI) (soluble) form thus 

increasing dissolution and concentration of uranium in leach. 

After 300 hours, Fe2+ concentration starts decreasing on the 

other hand concentration of Fe3+ start increasing which shows 

that bacteria are growing in the column causing re-oxidation 

of Fe2+ and increasing the concentration of Fe3+ ion which 

eventually give rise to Eh value. Thus bacteria activity 

increases the Eh value 

 

by re-oxidation of Fe2+ to Fe3+. 

 

Figure Error! No text of specified style in document. 

Relationship b/w U, Fe3+, Fe2+, Fe & t  

 

Figure 4 shows relationship of recovery, pH and Eh. In this 

figure it is shown that maximum recovery is done from 110 

hours to 200 hours i-e within 90 hours and the pH value 

changes from weak acid to strong acid and Eh value changes 

from reducing to oxidation environment. U recovery reaches 

to its maximum value i-e 83% at the end of leaching process. 

 

Figure 4 Recovery curve  

Conclusions 

The results from this study shows that the dissolved uranium 

profile of bioleaching column follow a trend in which 

uranium concentration changes from low to high to maximum 

value 450mg/L and then reduced and remain constant at low 

value. During initial stage of test, rise of pH value and decline 

of Eh value is due to the reason that the sample has been 

collected from site that is near to in-situ leachiong (acidic) 

project due to which sample become acidic and therefore pH 

is slightly lower than neutral. During initial leaching with tap 

water, dilution takes place due to which pH value increased 

and Eh value fall. Due to these changes, uranium hydrolyzed 

and precipitation take place.Re-dissolution of previously 

precipitated uranium occurs as fresh solution is supplied 

continously and give rise to maximum uranium peak on 

uranium profile.Fe3+ and Fe2+ profile shows that initial rise of 

Fe2+ concentration shows that oxidation of U takes place and 

Fe3+ is converted to Fe2+ but later Fe3+ concentration rises 

which indicates that bacteria are growing with in the column 

and re-oxidation of Fe2+ to Fe3+ is taking place hence rising 

the Eh value of the column. The flow rate curve shows the 

initial decline which is due to fine particle migration and 

temporary plugging caused by metal 

(iron,aluminium)hydroxides at relatively higher pH value. 

Removal of temporary plugging at low pH causes the flow 
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rate to enhance at later stage. Recovery curve shows that 

maximum recovery of uranium take place within 90 hours 

which later changes very slightly with time. 83% uranium 

recovered in this column bioleaching test. 
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