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The kinetics of microbial ferrous-iron by Leptospirillum ferriphilum was studied at substrate loading rate of 

3 90 mmol L−1 h−1 in a novel packed column bioreactor. The study was conducted with a view to providing 

an understanding of the reaction kinetics in a flow-through system which may be assumed to mimic bioheap 

solution flow, rather than the more typical batch reactors. The bioreactor was maintained at pH of 1.45  0.05 

and constant air flow rate of 15 mL s−1. The Boon and Hansford, and the Monod models accurately described 

the experimental data. The effect of temperature on the kinetic parameters was investigated at 25, 30 and 
−1  −1 

Ferrous-iron 35 C. The maximum oxidation rate, rmax  = 15.10 mmol L h   , was highest at 35 C. The activation energy, 
 

Biooxidation E  = 20.97 kJ mol− 
Fe2þ 

1, of ferrous-iron biooxidation in the novel bioreactor is indicative of a system that is limited 

Packed-column 

Jarosite 

by both biochemical and diffusion factors. The result also showed about 38.80% increase in the maximum 

microbial ferrous-iron oxidation, r max , due to accumulation of jarosite. However, the decreasing values of 
Fe2þ ′ Activation energy substrate affinity constant, KFe2þ , and the apparent affinity constant, K Fe2þ  revealed that the microbial affinity 

for ferrous biooxidation increases with increase in jarosite formation. This study reveals that jarosite maybe 

beneficial to bioleach heaps if it is carefully managed. 
 

 

1. Introduction 

 

Heap bioleaching is now an attractive technology for extraction of 

metals from low-grade ores. It is well known that biooxidation of 

ferrous-iron (Fe2+) is an important sub-process in the bioleaching of 

sulphide minerals. The mechanisms of bioleaching and ferrous-iron 

biooxidation are widely reported (Boon and Heijnen, 1993; Breed and 

Hansford, 1999; Ingledew, 1982; Lacey and Lawson, 1970; MacDonald 

and Clark, 1970; Rossi, 1990). Most studies on ferrous-iron biooxidation 

were investigated in agitated bioreactor systems in order to provide 

understanding of the reaction rate and improve the kinetics of this 

sub-process. Their results contributed largely to the success of tank 

biooxidation pretreatment, where operating conditions can be 

adequately controlled and managed (Ojumu, 2008). 

Due to the increasing popularity of heap bioleaching in hydro- 

metallurgical applications, some studies have focused on rapid 

biooxidation of ferrous-iron in order to improve the leaching rate 

 

 

 

 

 

(Giaveno et al., 2008; Mazuelos et al., 2000, 2001, 2010; van der Meer 

et al., 2007). These studies were carried out in column bioreactor 

systems with different types of support for microbial immobilisation. 

The effects of liquid and air flow rates, and other parameters such as 

solution pH, temperature and particle size have been investigated 

(Mazuelos et al., 2001; van der Meer et al., 2007) in such system as 

fluidised or flooded packed-bed bioreactor (i.e. fed from the bottom- 

up). However, the solution flow dynamics in such systems cannot 

describe that of heap operation. Therefore, it is not clear whether 

these systems can describe the kinetics of microbial ferrous-iron 

oxidation in the context of bioleach heap operation, where reagent/ 

feed is supplied from sprinklers on top of the heap, aeration is provided 

from the bottom, and the effluent, pregnant leach solution (PLS), is 

removed from the bottom as well. 

A study conducted in an agitated system by Ojumu et al. (2009) has 

shown that operating temperature is critical to the oxidation process. 

However, it is clear that the reported kinetic parameters may not be 

relevant in the context of heap bioleach operation. Temperature 

variation is often common in the heap; higher temperatures, above 

60 C due to exothermic sulphide oxidation may exist in some regions 

of the heap, while extremely cold conditions, less than 10 C in a freshly 

stacked heap may also exist in other parts, especially in cold climate 

regions. It is important to investigate the effect of various temperature 

ranges on the kinetics of ferrous-iron biooxidation in a system that 

closely represents heap bioleach system. 
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Activation energy of 34.46 (Ojumu et al., 2009) and 35.64 kJ mol−1 

(Breed et al., 1999) were reported for biooxidation of ferrous-iron by 

Leptospirrilum species in an agitated bioreactor. Several contrasting 

values of activation energy, ranging from 20 to 96 kJ mol−1 have also 

been reported (Ahonen and Tuovinen, 1989; De et al., 1996, 1997; 

Franzmann et al., 2005; Guay et al., 1977; Lacey and Lawson, 1970; 

MacDonald and Clark, 1970). A study has shown that activation energy 

values for biooxidation kinetics of ferrous-iron are dependent on the 

microbial species (Franzmann et al., 2005). It may also be a function of 

bioreaction system; for example the authors reported approximately 

89 kJ mol−1 for the same species reported by both Ojumu et al. 

(2009) and Breed et al. (1999), however their studies were conducted 

in different bioreactor configurations. Although activation energy values 

are indicative of the limiting/controlling factors of the oxidation process, 

the value may vary depending on microbes and bioreactor system. 

Therefore it is important to develop a database of this parameter for 

the same/similar microbes used in various bioreactor configurations. 
This may find application in a design of an efficient bioleach heap or at 

 

balls were immersed in the liquor. Three-quarter of glass balls were 

allowed to immersed so as not to create a flooded condition which 

may not be practical in the context of heap operation. No attempt was 

made to maintain sterile condition. The feed was fed from the top of 

the bioreactor using WATSON MARLOW 205S low-flow multi channel 

pump with 0.50 mm PVC (colour code orange/yellow) tubing. The 

liquid was removed from the bottom of the bioreactor using WATSON 

MARLOW 101U/R low-flow single channel pump with 5 mm silicone 

tubing inner diameter. Air was supplied at the bottom of the column 

and the off-gas from the bioreactor was passed through a condenser 

to minimise evaporation. The solution reduction oxidation (redox) 

potential and pH were analysed using a CRISON GLP 21 redox and pH 

meters. 

 

2.2. Growth medium and bacterial culture 

 
Analytical-grade reagents were used for all the experiments. The 

least an efficient bioreactor system. ferrous-iron  media  consisted  of  5 g L−1
 of Fe2+

 (added as FeSO4. 

It is a known fact that low pH solution condition is critical for 7H O), 1.11 g L−1
 K SO , 0.53 g L−1

 (NH ) HPO , 1.83 g L−1
 (NH4)2SO4 

the activity of iron-oxidising microbes in bioleach processes. However 

in the context of bioleach heaps, acidic dissolution of gangue minerals 

may increase the solution pH within a heap bioleach system. 

Consequently, high ferric iron concentration and high solution pH 

favours the formation of ferric-iron precipitate (jarosite) within the 

heap ore bed (Watling, 2006). Jarosite precipitation is often perceived 

as an unwanted phenomenon; the precipitate may hinder chalcopyrite 

leaching by restricting the mass transfer of ions (i.e. Cu2+, Fe2+) to 

solution and by preventing bacterial and Fe3+ access to the mineral 

sulphide surface (Boon and Heijnen, 1993;  Nemati et al., 1998). 

Although immobilisation of the relevant acidophilic microbes at lower 

pH values has been shown to enhance the ferrous oxidation rate 

(Grishin and Tuovinen, 1988; Grishin et al., 1988), some studies have 

revealed a direct relationship between jarosite precipitation and the 

number of attached cells in continuous flow reactors (Jensen and 

Webb, 1995; Mazuelos et al., 2010; Pogliani and Donati, 2000), which 

may have positive influence on biooxidation kinetics. 

The objective of this study was to investigate the kinetics of ferrous- 

iron biooxidation in a novel packed-column bioreactor. The feed 

solution was supplied from the top of the column while the effluent is 

simultaneously withdrawn from the bottom; the column is aerated 

from the bottom similar to bioheap system. The effects of temperature 

and jarosite precipitate on the kinetics were investigated with the 

view to comparing the kinetics with previous studies and to providing 

an understanding of the kinetics of this sub-process in bioleach heap 

systems or at least in the packed column bioreactor. 

 

2. Methodology 

 
2.1. Description of experimental rig — a novel packed-column bioreactor 

setup 

 

A schematic representation of the experimental rig is shown in 

Fig. 1. It consists of a single jacked column bioreactor, which is made 

of borosilicate glass. The bioreactor  has  height-to-diameter  ratio, 

H/D ≈ 6.0 and total volume 800 mL. Attached to the bioreactor is a 

FMH model TR-E constant temperature water bath which maintains 

desired temperature within the bioreactor by circulating water through 

the bioreactor jacket. The column bioreactor (33 cm height and 5.6 cm 

internal diameter) was  packed  with  inert  glass  balls  (diameter 

15 mm), to a height corresponding to 700 mL, and held in place above 

the bottom reservoir by a 1 mm stainless steel sieve. The bottom 

reservoir has a volume of 180 mL. The working liquid volume within 

the packed-column bioreactor was 500 mL, immersing approximately 

40% of the glass balls in solution before the sparger was turned on. 

However, during normal operation, approximately 75% of the glass 

and 10 mL of Vishniac trace element solution (Vishniac and Santer, 
1957) adjusted to the desired range of pH 1.00 to 1.20. The bacterial 

strain was obtained from the Centre for Bioprocess Engineering Research 

(CeBER) at the University of Cape Town. The stock culture was 

maintained in a continuous stirrer tank reactor at temperature 30 C 

and residence time of 30 hours on feed solution containing 5 g L−1 of 

total iron at pH 1.25 (adjusted with concentrated H2SO4). The microbe 

was identified as Leptospirillum ferriphilum sp. nov. (Coram and 

Rawlings, 2002), originating from continuous bioleaching plant treating 

pyrite-arsenopyrite concentrate in Gamsberg, South Africa. The recent 

study with the same culture has shown that the cultured contained 

98% L. ferriphilum (Ojumu and Petersen, 2011). 

 

2.3. Experimental procedure for microbial ferrous-iron oxidation kinetics in 

a novel bioreactor 

 

The novel packed-column bioreactor described in Section 2.1 was 

used for series of continuous culture experiments with L. ferriphilum at 

a working volume of 500 mL, immersing approximately 40% and 75% 

of the glass balls in solution without and with sparging respectively. 

The bioreactor was maintained at a desired study temperature with 

the attached water bath (Fig. 1). The cell suspension was aerated with 

dry and filtered air at flow rate 15 mL s−1. The growth medium was 

fed continuously at a desired bioreactor dilution rate, and the effluent 

was removed by means of variable-speed pump. The feed pump and 

effluent pump were carefully adjusted such that the working volume 

was kept constant at all dilution rates investigated. The solution pH in 

the bioreactors was maintained at pH 1.40  0.05 by adjusting the 

feed pH using 98% concentrated sulphuric acid. 

The effect of temperature, on microbial ferrous iron oxidation 

kinetics, was investigated at 25, 30 and 35 C for at least five different 

dilution rates ranging from 0.03 to 0.1 h−1 (i.e. loading rate of 0.15 to 

0.50 g L−1 h−1 of Fe2+ solution). The bioreactor was operated at each 

dilution rate for at least three residence times before steady-state was 

assumed. Steady-state was assumed only when the pH and redox 

potential in the culture liquor were constant. Each run of experiment 

was started in a batch mode of operation by adding 50% of stock the 

solution to 50% of fresh ferrous-iron feed in the bioreactor and later 

switched to continuous mode when solution redox potential reached 

600 mV (on Ag/AgCl electrode) or greater. The bioreactor and the 

glass packing were cleaned after every dilution rate with concentrated 

HCl (32%) and distilled water. This ensured the complete removal of 

ferric/jarosite precipitate and any wall growth. The effect of ferric- 

iron/jarosite precipitate was investigated at 30 C. During this 

experiment, the bioreactor was not cleaned after each dilution rate to 

allow the precipitate to accumulate within the bioreactor. 
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Fig. 1. Diagrammatic representation of a novel packed-column bioreactor experimental rig. 

 

 
2.4. Iron determination 

 
The feed ferrous-iron and the total iron concentrations of both feed 

and effluent were determined by titration with potassium dichromate 

solution. The measurement of redox potential using CRISON redox 
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electrodes (Ag/AgCl) allowed the determination of ferric-to-ferrous 

iron ratio using a suitable calibration curve for the electrode and Nernst 

equation as described previously (Ojumu and Petersen, 2011). 

 
2.5. Rate equations 

 
Various equations have previously been proposed to describe the 

kinetics of microbial ferrous-iron oxidation. These equations are 

either Monod type model or their variants, they were developed from 

the basic enzymatic equation for growth rate based on substrate  

concentration (reviewed by Ojumu et al. (2006)). Monod (Eq. (1)) 

and Boon and Hansford (Eq. (2)) equations were used for the analysis 

of the experimental data of this study. 

where  −rFe2þ     is the overall ferrous-iron oxidation rate,  rFe2þ  is the 
′ 

maximum overall ferrous-iron oxidation rate,  KFe2þ     and  K Fe2þ  , the 
affinity and apparent affinity constants for Monod and Boon and 

Hansford models respectively. These parameters can be determined 

by fitting an experimental set of data to the equation using least squares 

method, or from the corresponding Lineweaver Burk plots of both 

Eqs. (1) and (2). It should be noted that while the significance of 
′ 

K Fe2þ   is unknown, being a lumped parameter constant, a lower KFe2þ 

is indicative of high affinity of the microbes to the limiting substrate 

(Ojumu, 2008). 

 

3. Results and discussion 

 

3.1. Effect of temperature on microbial ferrous-iron oxidation, −rFe2þ 

 
Fe2þ   Fe 2þ

i
 

 

The rate of microbial ferrous-iron oxidation and the apparent affinity fit of Eqs. (1) and (2) to the 
−rFe2þ  ¼ ð1Þ 

KFe2þ þ Fe2þ 
 
 

constant were determined from the 
experimental data, using the solver routine in Microsoft Excel to 



2þ 

2þ 

2þ 

a 

2þ 

2þ 

F. Chowdhury, T.V. Ojumu / Hydrometallurgy 141 (2014) 36–42 39 

 

 
 

Fig. 2. Effect of different temperatures: (a) Ferrous iron oxidation rate versus residual ferrous-iron concentration compared with the trend of the Monod model (Eq. (1)). (b) The fit of the 

rate data to the Boon and Hansford model, Eq. (2). 

 
 

minimise the sum of the squared errors (SSE) between the measured 

and predicted values of −rFe2þ  as shown in Fig. 2a and b respectively. 
The maximum overall oxidation rate  r max , obtained from Fig. 2, 

Fe 

increased significantly with increase in temperature within the range 

 

and Egli, 1998). Accordingly, the Monod constant values may suggest 

that the oxidation process is growth associated in a tank reactor and 

cell maintenance associated in the packed-bed column (Kovárová- 

Kovardagger and Egli, 1998). 

studied (Table 1). The values of  r max
 

Fe 
obtained were found to be 

approximately the same, thus an average value is also shown in Table 1. 
The results of this and previous study by Ojumu (2008) show that 

maximum ferrous-iron oxidation rate was greater in packed-column 

bioreactor compared to tank bioreactor. In the previous work by 

Ojumu (2008), a maximum rate of 10.54 mmol Fe2+ L−1 h−1 was 

obtained in a tank reactor and at temperature of 42 C; this value is 

comparable to the rate obtained at 25 C  a non-optimum temperature 

condition for the growth of the microorganism. This indicates that a 

much higher rate may be achieved if the packed- column bioreactor 

was to be operated at 42 C. The larger surface area available for 

microbial attachment in the packed- column bioreactor may be 

responsible for the higher rate of oxidation. This has been confirmed 

 

3.2. The activation energy determination 

 

Arrhenius equation was used to assess the effect of temperature on 

maximum overall oxidation rate, r max , data in this bioreactor system 
Fe 

(Franzmann et al., 2005; Ojumu et al., 2009), at the three temperatures 
investigated (Fig. 3). The values of the activation energy (Ea) and the 

frequency factor (K0) for microbial ferrous-iron oxidation kinetics in 

this study were 20.97 kJ mol−1 and 5.40 × 105 mmol Fe2+ L−1 h−1 

respectively. These were average values of the parameters, obtained 

by correlating the experimental data to both the Monod and the Boon 

and Hansford equations (Fig. 2). The Ea value falls to the lower end of 

in a recent study by Duku (2012) in a similar system. The value of 
r max 

the range (20 to 96 kJmol−1) of E previously reported for acidophilic 

Fe2þ   obtained was less than those reported in previous studies using 
fluidised  and flooded  columns.  In  previous  studies  conducted  by 
Alemzadeh et al. (2009) and Long et al. (2003), the maximum oxidation 

rates were 141.42 and 55.50 mmol Fe2+ L−1 h−1 respectively. The 

value was also much less than 180 and 460 490 mmol Fe2+ L−1 h−1 

obtained in the study by Ozkaya et al. (2007) and Kinnunen and 

Puhakka (2005). These higher values ( r max ) were obtained using 
Fe 

differently configured column reactors which allows recycling. The 
kinetic constants, for both the Boon and Hansford, and the Monod 

models increased with increasing temperature. However, the Monod 

constant reported by Ojumu (2008) was considerably less than that 

observed in the packed- column. Since the Monod constant is indicative 

of microbial substrate affinity, in relation to cell growth and substrate 

usage, a lower value indicates higher affinity (Kovárová-Kovardagger 

 

 

 
Table 1 

Maximum overall ferrous-iron oxidation and kinetic constant, determined from the fit of 

rate data to the Boon and Hansford, and the Monod models. 

chemolithotrophs (Ahonen and Tuovinen, 1989; De et al., 1996; Guay 
et al., 1977; Lacey and Lawson, 1970; MacDonald and Clark, 1970). 

This suggests that the biooxidation rate was controlled biochemically 

and by diffusion. A similar value (20.93 kJ mol−1) was also reported 

by De et al. (1997) for a study in which Acidithiobacillus ferrooxidans 

was cultivated in the temperature range of 5 to 25 C. The activation 

energy obtained in this study was lower than the reported value for 

the same microorganism in a tank bioreactor (34.46 kJ mol−1) (Ojumu 

et al., 2009). This observation is indicative of higher microbial ferrous- 

iron oxidation rate in  the column bioreactor compared to  that in a 

continuous stirred tank bioreactor. 

 

Temperature   Boon and 

 

Monod 

 

Average   Reference 
 

Hansfo

model 

r max 

  Fe2þ  

rd 
 

model 

K 
′
 

Fe2þ   r max 

Fe2þ  
K Fe2þ   r max 

Fe2þ   

25 C 11.42 0.015 
 

11.51 1.30 
 

11.47 This study 

30 C 12.80 0.026 
 

13.17 2.39 
 

12.98 
 

35 C 15.10 0.047 
 

15.10 3.91 
 

15.10 
 42 C 10.10   0.0561   10.97   0.16    10.54 Data from (Ojumu, 2008) 

   Fig. 3. Arrhenius plot to show the effect of temperature on the maximum overall ferric- 

Units: r max (mmol Fe
2+ 

L
−1 

h
−1

), K 
Fe Fe2þ (mmol L

−1
), K

′
 Fe2þ is dimensionless. iron oxidation rate. 
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Fig. 4. Steady-state ferrous iron conversion and oxidation rate as a function of the ferrous iron dilution rate at 30 C. 

 

3.3. Effect of jarosite on microbial ferrous-iron oxidation 

 
Two separate experiments were carried out in identical column 

bioreactors to investigate the effect of jarosite/ferric-iron precipitate 

on the biooxidation of ferrous-iron. In one of the bioreactors, jarosite 

accumulation was limited by cleaning the bioreactor at the end of 

each experiment performed at specified residence time, the other was 

used without cleaning throughout the duration of the experiment in 

order to allow jarosite accumulation. The trends of microbial ferrous- 

iron oxidation rate ( −rFe2þ ) and the conversion achieved from both 

set of experiments were compared as shown in Fig. 4. It can be seen 

from Fig. 4 that for both experiments, the −rFe2þ   increased linearly 

with the ferrous-iron dilution rate, though the rates were significantly 
higher for jarosite accumulated experiment when compared to jarosite 

limited data at the same residence time. This corresponds to previous 

research results obtained by Ojumu et al. (2009). 

Although high conversions were recorded in these experiments; 

greater that 95% in both cases (i.e. jarosite limited and jarosite 

accumulated data), it was observed that while jarosite limited experiment 

approach washout  at 10 hours residence time, the bioreactor with 

jarosite accumulation can be maintained beyond 0.70 g L−1 h−1 (about 

7 hours residence time) loading rate without experiencing microbial 

washout  (data not shown). As a result the conversion did not follow 

a definite trend with dilution rate for the experiment characterised by 

jarosite/ferric precipitate accumulation; it decreased and also increased 

with an increase in dilution rate unlike jarosite limited experiments, 

where conversion decreased with an increase in dilution rate (Fig. 4). 

The increase in conversion with increasing dilution rate can be 

attributed to biomass accumulation in the bioreactor due to their 

attachment on the accumulated jarosite precipitate. The result 

indicated that there was no direct relationship between jarosite 

accumulation (or conversion) with dilution rate. The result shows that 

only 4% of the total jarosite were obtained from the effluent stream, 

the rest were retained within the bioreactor, which served as support 

for microbial attachment (Mazuelos et al., 2010; Pogliani and Donati, 

2000). 

From Eqs. (1) and (2) the rate of microbial ferrous-iron oxidation 

and the apparent affinity constant were determined between the 

measured and predicted values of −rFe2þ as shown in Fig. 5. 

Table 2 illustrates that a higher maximum overall microbial ferrous- 

iron oxidation rate was obtained for jarosite accumulated experiment 

(average value of r max  = 18.03 mmol Fe2+ L−1 h−1) compared to 
Fe 

 

 
 

Fig. 5. Effect of jarosite accumulation at constant temperature (30 C): (a) Ferrous iron oxidation rate versus residual ferrous-iron concentration compared with the trend of the Monod 

model (Eq. (1)). (b) The fit of the rate data to the Boon and Hansford model, Eq. (2). 
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Table 2 

Maximum ferrous-iron oxidation and kinetic constants at 30 C, determined from the fit of 

rate data to the Boon and Hansford and the Monod models. 

tremendous challenge in controlling a heap chemistry so that mass 

transfer processes on mineral surface are not limited through passivation. 

However the size and heterogeneities of heaps pose challenges to 

Boon and 

Hansford 

model 

Monod 

model 

Average managing the chemistry. 

r max      K′ r max       K r max Increase r max(%)  
  Fe2þ Fe2þ            2 þ Fe2þ             2þ 2þ   

Units: r max
 2+  −1  −1 −1 ′ 

 

Fe2þ  (mmol Fe L    h   ), KFe2þ  (mmol L ), K Fe2þ   is dimensionless. 
 

when the precipitate was limited (average value of r max =12.98 mmol 

Fe2+ L−1 h−1). This increase was as a result of the assumed increase 

in the microbial biomass in the jarosite accumulated bioreactor. 

Although microbial biomass was not quantified, it has been shown 

that jarosite precipitate provides additional support for microbial 

attachment (Pogliani and Donati, 2000; van der Meer et al., 2007), 

and, thus, increased ferrous-iron oxidation rate in the experiment 

with jarosite accumulation. These result showed significantly higher 

values when compared to values obtained in a previous study 

(10.97 mmol Fe2+ L−1 h−1) conducted in a continuous stirred tank 

bioreactor system (Ojumu et al., 2008). Although all these studies 

were conducted at conditions close to the reported optimum for 

L.  ferriphilum,  the  results showed  that  bioreactor  configuration  can 

significantly  influence  the  microbial  ferrous-iron  oxidation  kinetics. 

The maximum overall rate of microbial ferrous-iron oxidation increased 

by 38.80% due to accumulation of jarosite, while the Monod substrate 

affinity, KFe2þ , and the Boon and Hansford apparent affinity constant, 

Fe2þ , decreased significantly with jarosite accumulation. The Monod 
substrate affinity, KFe2þ , measures the affinity of the microorganisms 

for ferrous-iron and/or the rate of conversion of ferrous to ferric. The 

reduction in KFe2þ , due to jarosite accumulation is indicative of increased 

microbial affinity for substrate since more microbes were available in the 
bioreactor as a result of their attachment to jarosite precipitate. This may 

ultimately lead to a reduced specific microbial ferrous-iron oxidation 

rate (i.e. oxidation rate per cell) as observed in a different study 

(Petersen and Ojumu, 2007). However, this phenomenon was not the 

focus of this work and was not investigated. 

 

4. Conclusion 

 

This study revealed that the microbial ferrous-iron oxidation rate in 

a packed-column bioreactor can be described accurately with the 

Monod and the Boon and Hansford equations. The data indicated that 

the rates obtained from this study were higher than those obtained 

previously in a continuous stirred tank bioreactor. The maximum overall 

rate increased with an increase in temperature within the range studied. 

The affinity constants, for both the Monod and the Boon and Hansford 

models, increased significantly with an increase in temperature. The 

value of the activation energy obtained from the Arrhenius equation 

indicated that the biooxidation reaction is controlled biochemically 

and by diffusion. 

The jarosite precipitate that accumulated within the bioreactors 

served as a support for microbial attachment, thus increasing the rate 

of biooxidation. The study showed that the precipitates were retained 

in the bioreactor, and a maximum of 4% for jarosite was obtained from 

the bioreactor effluent at the dilution rates investigated. The results 

show that the maximum overall oxidation rate, r max, in column system 
Fe 

increased by 38% due to jarosite accumulation in the bioreactor. This 

study showed that the microbial oxidation kinetics of ferrous-iron by 

L. ferriphilum is more likely to be enhanced in a simulated heap bioleach 

system than in an agitated vessel. Although, jarosite is perceived to be 

undesirable in bioleach heap process, this study showed that it may be 

advantageous in the context of high ferric-iron generation in bioleach 

process.  However,  management  of  its  accumulation  would  be  a 

 

 

 

. 

 

Jarosite accumulated data  17.47 0.016 18.59   1.47    18.03 38.80 

Limited jarosite data 12.80 0.026 13.17   2.39    12.99 
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