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ABSTRACT 

In the present study, the characteristics and rate kinetics of biosolubilization of nickel from the heavy metal bearing 

industrial electroplating sludge were investigated. The isolated Acidithiobacillus ferrooxidans strain acclimatized to sludge was used 

for the bioleaching studies and the experiments were carried out in shake flask condition. The acidification of medium employed in 

bioleaching process is one of the important parameter and therefore the effect of initial pH (1.5, 2, 2.5, 3 and 3.5) on the bioleaching 

treatment was carried out. It was observed that the highest bioleaching of nickel was obtained with the initial value of pH 2.5. The 

reaction rate kinetics of bioleaching process was also analyzed through the first order rate kinetics and it also showed that the 

maximum bioleaching rate was obtained with the initial value of pH 2.5. 

Keywords: Biosolubilization, nickel, Acidithiobacillus ferrooxidans, sludge, rate kinetics. 

1. INTRODUCTION 

Wastewater from the electroplating industries is characterized with a presence of complex of cyanides, strong toxic 

components and heavy metals. After the preliminary oxidizing destruction of cyanide, waste water streams are often neutralized with 

lime cream or sodium hydroxide. Though quantitative composition of electroplating sludge can be modified, the content of heavy 

metals remains high enough (Couillard. D et al., 1991). The unsafe disposal of electroplating waste on land causes a serious threat to 

the environment. In the last decade, the special importance is gaining towards the experimental investigation of heavy metal removal 

by bioleaching process, not only as a scientific novelty, but also for its efficiency, cost effectiveness, simplicity and eco-friendly 

(Shen-Yi Chen et al., 2001).  Bioleaching process involves the biological reduction of pH using sulphur-oxidizing bacteria and 

subsequent reduction in metal from the sludge. Additionally, bioleaching is capable of carrying out simultaneous sludge digestion and 

metal leaching (Ashish Pathak et al. 2008). Thus, bioleaching technology is promising alternative way for the treatment of sludge. 

The effectiveness of bioleaching depends on the physical, chemical and biological factors such as the nature of the sludge, 

temperature, oxygen, pH, ORP, cell concentration and solid concentration (Fang. D et al., 2007). This factor influences heavy metal 

biosolubilization during bioleaching. Thus, it is necessary to investigate this important parameter and optimize the bioleaching 

process. The objective of present study is to investigate the effect of initial pH on bioleaching of Ni from the electroplating sludge and 

analyse the rate kinetics of Ni bioleaching.   

2. MATERIAL AND METHODS 

2.1. Sludge characterization and microorganism: Sludge was collected from waste water treatment plant of electroplating industry, 

Chennai in India. Sludge was air dried at room temperature overnight. Total Kjeldahl Nitrogen, Total metal concentration, ionic 

activity, and electrical conductivity, potassium, phosphorus, and organic matter were determined using standard procedures.  A. 

ferrooxidans was isolated from the acid mine drainage of Chitradurga copper mine sector, India. The isolate was sub-cultured several 

times using the medium contain elemental sulphur as a key nutrient. The chemical composition of the medium was: So 10g/L; 

MgSO4.7H2O 0.5g/L; (NH4)2SO4 3g/L; K2HPO4 0.5g/L; Ca (CO3)2 0.01g/l and KCl 0.1g/L with initial pH value adjusted to 3 using 

concentrated H2SO4. In order to adapt the culture to sludge, 0.25% (w/v) of dry sludge was added as a supplement to the subculture 

medium at the room temperature (28 °C).  

2.2. Bioleaching experiments: The six experimental runs were conducted in 250ml Erlenmeyer flasks with 90ml of same culture 

medium, 6 g/L of sulphur concentration and 5% w/v of sludge concentration which were agitated at 28 °C, 150 rpm on rotary shaker. 

Runs with the same inoculum dose (10 ml) were adjusted to an initial pH value of 1.5, 2, 2.5, 3 and 3.5 respectively. A control 

experiment without bacteria was carried out in order to compare the results. At two days intervals, 5ml of samples were centrifuged at 

3500 rpm for 20 min and the supernatant was filtered using Whatmann filter paper. The filtrate was preserved at 4 °C until heavy 

metal analysis was performed using AAS. Nickel bioleaching efficiency was calculated as the ratio between the solubilized Ni by 

bioleaching and total Ni content in the sludge.  

2.3. Analysis of rate kinetics for Ni bioleaching: Rate of solubilization of heavy nickel by bioleaching can be described by first 

order empirical equation (dCNi/dt) = k (CNi,o – CNi,t). Integrating the first order equation between initial and final limit of Ni 

concentration and time (at t = 0, CNi = 0 and at t = t hours, CNi = CNi,t), the resulting equation is ln[CNi,o/(CNi,o – CNi,t)] = kt. In this 

equation, CNi,o and CNi,t are the total Ni concentration available to leach in the primary sludge and concentration of Ni in aqueous 

phase of bioleaching solution at the particular time ‘t’ during the process, respectively. ‘k’ is the bioleaching rate constant and it can 

be obtained from the slope of the plot ln[CNi,o/(CNi,o − CM,t)] vs time.  

3. RESULTS AND DISCUSSION 

3.1. Physico-chemical characteristics sludge: The alkaline sludge was rich in nitrogen (3978 mg kg-1), phosphorus (2452 mg kg-1) 

that could be utilized by the isolated sulphur-oxidizing bacteria. The sludge was also rich in Calcium and magnesium concentrations 

(21520 mg kg-1 and 9560 mg kg-1) but had low level of organic matter content {4.1±0.11 (% w/w)}. Heavy metal characterization 

evident that nickel is the major heavy metal pollutant (20,160 ± 430 mg kg-1) present in the sludge. 
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3.2. Removal of nickel from electroplating sludge and kinetics: Figure 1(a) shows the effect of initial pH on the removal of nickel 

from the electroplating sludge during the bioleaching. By comparing the control run it is evident that the bioleaching of nickel can be 

influenced by initial pH of the bioleaching system. Since adapted culture was used in the process, no lag phase was observed in 

experiment with different initial pH values. In the control experiment, nickel bioleaching efficiency was very low to the extent of 

16.02%. The nickel bioleaching efficiency with initial pH 1.5, 2, 2.5, 3 and 3.5 were 55.03, 75.95, 91.97, 82.16 and 54.77%, 

respectively. The highest nickel bioleaching efficiency was arrived in the experiment with the initial pH value 2.5. From the 

experimental results, it was clear that that the bioleaching with initial pH 2.5 was the optimum for the type of sludge and culture used 

in this process. Figure 1(b) show the fitting of the experimental results to the equation ln [CNi,o/(CNi,o – CNi,t)] = kt. The values for rate 

constant were 0.0017 h-1, 0.003 h-1, 0.0053 h-1, 0.0034 h-1, and 0.0016 h-1 for the experiment with the initial pH values 1.5, 2, 2.5, 3 

and 3.5, respectively. The higher value of rate constant attained for experiment with initial pH 2.5. Therefore, it is evident that initial 

pH affects significantly the rate of Ni bioleaching. 

 
Figure. 1(a) Ni bioleaching (b) Fitting of data to rate constant 
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