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STUDIES IN THE BACTERIAL LEACHING OF NICKEL ORES 

K. Bosecker 

Bundesanstalt fiir Geowissenschaften und Rohstoffe 

Hannover 

Abstract: The applicability of bacterial leach technique in the extraction of nickel from 

naturally occurring nickel minerals and from sulfide and silicate nickel ores has been 

investigated. The nickel minerals gerstorffite, niccolite, and pentlandite could be lea- 

ched with Thiobacillus thiooxidans whereas silicate nickel ores seemed to be inefficient 

to leaching with Thiobacillus. Within 100 days less than 1 % of the nickel was extracted 

from silicate ores. Sulfide nickel ores have been leached with Th. ferrooxidans and Th. 

thiooxidans. In air-lift-percolators within 100 days 17 % of the nickel were extracted 

using pure cultures of Th. thiooxidans, but only 5.6 % were recovered after leaching 

with Th. ferrooxidans. Within 30 days 38 %, 66 %,and 70 % of the nickel were extracted 

from ground material (Harzburger Gabbro) by submerged fermentation in shaking Er- 

lenmeyer flasks adding pure cultures of Th. thiooxidans, Th. ferrooxidans and a 

mixed culture of both strains, respectively, to the culture medium. 

Introduction: 

Thiobacillus ferrooxidans is the principal organism that oxidizes sulfides /1/. The 

studies of the properties of this organism gave rise to the development of a biohydro- 

metallurgical technique - the microbiological leaching of sulfide minerals. Microbio- 

logical leaching is already used commercially for the recovery of copper and uranium 

from low grade ores and waste materials. As shown by many authors the biological oxi- 

dation is not limited to copper and uranium, and several other metals (Co, Mo, Cd,As, 

Sn, Zn) may be extracted by bacterial leaching. Investigations of Duncan et al. /2 - 3/, 

Torma /4/, Moshnyakova et al. /5/ and Winterhager and Alker /6/ heve shown that Th. 

ferrooxidans is capable of oxidizing synthetic nickel sulfides and naturally occurring 

sulfide nickel ores. The efficiency of bacterial leaching processes mainly depends on 

the chemical and mineralogical compounds of the ore, and normally each type of ore re- 

quires its own leaching conditions. In our investigations we wanted to find out if micro- 

biological leaching of nickel from pentlandite bearing Harzburger Gabbro and from old 

mining dumps in the Black Forest will be economically feasible.



    

140 kK. Bosecker 

Influence of nickel ions on the growth of Thiobacillus: 
  

The sulfide oxidation is accompanied with an increase of heavy metals in the leach 

suspension. Normally microorganisms are very sensitive to higher concentrations of 

metal ions. Therefore it is necessary to select Thiobacilli which show a high tolerance 

against those metals which should be extracted. The strains we used had been isolated 

from mining water in the Harz mountain and differed in their behaviour against vary- 

ing concentrations of nickel and copper ions. Some strains were effected by nickel con- 

centrations of less than 50 ppm nickel whereas others tolerated nickel contents of 

50 000 ppm. By successive inoculation on media with progressively higher concentra- 

tions of the metal a few formerly sensitive strains could be sl owly adapted to higher 

concentrations. For our investigations we selected two strains - Th. ferrooxidans 

Ram 6 F and Th. thiooxidans Ram 8 T - which were not inhibited by 50 000 ppm nickel in 

the culture medium. 

Leaching of nickel minerals: 

Normally pure cultures of Th. ferrooxidans are used for the extraction of heavy me- 

tals because this is the only organism oxidizing metal sulfides. Marchlewitz, Hasche 

and Schwartz /7/ and Ebner and Schwartz /8/ have shown that Th. thiooxidans may also 

be used for the recovery of copper and uranium. In case of uranium ores the authors 

found Th. thiooxidans to be more efficient than Th. ferrooxidans. 

According to these results we were interested to see if Th. thiooxidans is also cap- 

able of dissolving nickel from different nickel minerals and from low grade ores. In 

preliminary experiments three nickel minerals (pentlandite, niccolite, and gerstorffite) 

were used which had been ground to a particel size of about 200 u. 2 g of the mineral 

were suspended in 100 ml Starkey medium containing elemental sulfur as an energy 

source. The samples were inoculated with Th. thiooxidans Ram 8 T and incubated on a 

rotary shaker at g0°C. Periodically samples were removed for measuring pH values 

and the metal content. In contrast to sterile controls without bacteria all samples 

showed an increase in nickel concentration and a decrease in pH-values except ger- 

storffite. In this case inoculated sample and sterile control did not show any difference 

in the recovery of nickel. Later on we found that the surface of the original gerstorffite 

mineral was covered whith impurities of easily soluble annabergite. Whithin 100 days 

75 % of the nickel were extracted from pentlandite and 24 % from niccolite whereas 

5,7 % and 1,9 % respectively were leached in sterile controls.
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Leaching of nickel ores in air-lift-percolators: 

Furthermore experiments have been carried out in air-lift-percolators using nickel 

bearing ores from the Harzburger Gabbro containing 0.3 % nickel and nickel ores from 

old mining dumps in the Black Forest containing 0.62 % Ni. 200 g of the ores broken to 

a particle size of about 10 mm were irrigated with 150 ml of nutrient broth and inocu- 

lated with 10 ml of pure cultures of Th. thiooxidans or Th. ferrooxidans. The leaching 

process was controlled by periodically removing samples from the circulating leach 

suspension determining pH-values, metal contents and presence of Thiobacilli. 

In those samples inoculated with Th. thiooxidans in relation to the ore within a few 

days the pH-values decreased from pH 5.2 and 4.6 to 2.5 and 3.5 (Fig. 1). In case of 

Th. ferrooxidans sulfuric acid has to be added to lower the pH but in spite of that the 

pH-values always rose up to 4 and 5 inhibiting any bacterial activity (Fig. 2). As seen 

by microscopic control and after inoculation into fresh culture medium Th. ferrooxi- 

dans cells were still alive. 
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Fig. 1: Leaching with Th. thiooxidans Fig. 2: Leaching with Th. ferrooxidans 

In comparison to the sterile control showing a nickel extraction of less than 0.3 % 

within 100 days the recovery of nickel from the dump material increased after adding 

Th. ferrooxidans or Th. thiooxidans. In case of Th. ferrooxidans about 2 % of the nickel 
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were extracted whereas about 5 % were dissolved by Th. thiooxidans. Bacterial lea- 

ching of the nickel bearing Harzburger Gabbro was more effective. Within 100 days 

5.6 % of the nickel were recovered after leaching with Th. ferrooxidans and 17 % were 

extracted using pure cultures of Th. thiooxidans. The control without bacteria contained 

less than 1 % of the nickel. (Fig. 3). 
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Fig. 3: Nickel-extraction from Harzburger Gabbro, using air-lift-percolators 
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These experiments show that sulfide nickel ores may be leached by use of Thiobacil- 

lus. The efficiency of bacterial leaching depends on the chemical compounds of the ore. 

Because of a high content of alkaline compounds both ores seemed to be unsuitable to 

be leached by Th. ferrooxidans without simultaneously acidifying the leaching system 

to perform suitable conditions of the growth of Th. ferrooxidans. On the other hand be- 

cause of the high pH-values in the leach suspension basic iron compounds precipitated 

on the surface of the ore inhibiting any further bacterial contact with the ore and redu- 

cing the leaching process. The comparatively high efficiency of Th. thiooxidans de- 

pends on the capability of producing high amounts of sulfuric acid by the oxidation of 

elemental sulfur. In this case the leaching of nickel ore resulted from a chemical dis- 

solution by biologically produced sulfuric acid. The same effect may be brought about by 

chemical leaching with sulfuric acid. And indead using 0.5 n Hy SO a6 a reagent the
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same amount of nickel was extracted as by bacterial leaching with Th. thiooxidans. 

(Fig. 3). 

Experiments in air-lift-percolators may be regarded as a model for dump - or heap 

leaching of low grade ores and waste materials. In respect to the results presented 

here at present time bacterial leaching of both types of ore does not seem to be econo- 

mically feasible. 

Leaching by submerged fermentation: 

More efficient was the leaching of ground nickel ores in shaking flasks. Submerged 

fermentation has already been described by Duncan et al. /2 - 3/ and Torma/4/ for the 

extraction of concentrated nickel and zine ores yielding metal extractions of about 

100 %. This method may also be used for the leaching of low grade ores as indicated 

by the following results. 

5 g of ground ore (Harzburger Gabbro) with a particle size of about a0 were Sus- 

pended in 100 ml culture medium, inoculated with pure cultures of Th. thiooxidans and/ 

or Th. ferrooxidans and incubated on a rotary shaker. Within 30 days 38 % of the nickel 

were extracted by Th. thiooxidans, 66 % were dissolved by Th. ferrooxidans and 70 %of 

the nickel were recovered using mixed cultures of Th. ferrooxidans and Th. thiooxidans 

(Fig. 4). The presence of Th. thiooxidans seemed to accelerate the leach process by a 

rapid production of sulfuric acid which improved the growth conditions of Th. ferrooxi- 

dans by lowering the pH-value in the leach suspension. Using mixed cultures one has 

to take care that the acidity of the medium will not decrease below pH 1.5 because 

otherwise Th. ferrooxidans will be inactivated. 

It seems to be useful to continue these investigations to optimize the leaching condi- 

tions making a technical application economically feasible. 

Leaching of silicate nickel ores: 
  

Another problem which finally should be mentioned is the microbiological leaching of 

silicate nickel ores which are found in large amounts all over the world. Leaching with 

Thiobacillus has to be eliminated except sulfur or reduced sulfur - or iron compounds 

are added as an energy source for Th. ferrooxidans and Th. thiooxidans. Some preli- 

minary investigations were done studying the extraction of nickel from silicate ores by 

use of Th. thiooxidans. The experiments were carried out in air-lift-percolators filled 

with silicate nickel ores from Burma and New Caledonia. During 200 days the pH-values 
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not decrease below pH 5 (Fig. 1) in spite of adding elemental sulfur. In the same 

iod less than 2 % of the nickel was extracted. By these results we conclude that si- 

licate nickel ores cannot be leached with Thiobacillus. It might be possible that these 

ore s may be leached with heterotrophic bacteria or fungi which produce organic acids 

or chelating compounds whereby heavy metals might be extracted. 
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