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LEACHING OF CU-NI SULFIDE CONCENTRATE FROM THE DULUTH GABBRO 

H. M. Tsuchiya 

Department of Chemical Engineering and Materials Science, and 

Department of Microbiology 

University of Minnesota 

Minneapolis, Minnesota 55455 

Results of leaching tests on a mixed copper and nickel sulfide concentrate from the 

Duluth Gabbro complex are reported here. The relative efficacies of pure cultures of 

Thiobacillus ferrooxidans and mixed cultures of T. ferrooxidans and Beijerinckia 
  

lacticogenes are compared as possible leaching aids. 

The sulfide concentrate studied was a combined copper and nickel rougher flotation 

concentrate supplied by the U.S. Bureau of Mines, Twin Cities Research Center, Twin 

Cities, Minnesota. The ore body is located in northeastern Minnesota and is called 

the Duluth Gabbro complex of low grade copper and nickel sulfides. The principal 

minerals are chalcopyrite, millerite, pyrrhotite, and pentlandite. The concentrate 

assayed 4.22% copper and 0.90% nickel and was ground to -270 mesh. Detailed analysis 

is given in Table l. 

Table 1 

Chemical analysis of the copper-nickel concentrate 

    

Element Percent Compound Percent 

Cu 4.22 Si09 35,62 
Ni 0,90 Al203 10.54 

re 17.13 MgO 8.65 

s Tsi7 CaO 580 

Cc 1.38 Na 20 eR ) 

Co 0.04 TiO9 0.99 
K 0 0.42 

other 5.40 

The part played by microorganisms in metallurgy is a well known fact. Leached 

copper was probably first recovered in relatively large amounts from Spanish mines. 

It was not until 1954 that the active role played by bacteria in this oxidation 

process was demonstrated. The bacteria involved in the oxidation of insoluble metal
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sulfides to soluble metal sulfates belong to the genus Thiobacillus. 

The bacterium most studied in context of its application in mineral processing is 

Le ferrooxidans. It is an aerobic, autotrophic, acidophilic, carbon dioxide-fixing 

microorganism which requires sulfur or ferrous iron as energy source for its growth 

and maintenance. 

Vishniac and Santer (1957), Kuznetsov et al. (1963), Pings. (1968), Beck (1969), 

Zajic (1969), Malouf (1970), and Duncan (1972), are among some who have given 

excellent accounts of properties and characteristics of thiobacilli. 

From all published accounts of microbial leaching, it can be concluded that the 

following factors are among those important in leaching with the help of bacteria. 

(a) An available source of substrate (mineral sulfate or ferrous iron or pyrite 

if the ore body is an oxide ore body) . 

(b) A supply of carbon dioxide which is the sole source of carbon for the 

thiobacilli. 

(c) A supply of oxygen for the oxidation process. 

(d) A supply of essential nutrients including nitrogen. 

(e) Water as a carrier for the nutrients, source of trace elements, and as a 

solvent for the solvated metal. 

(£) An acidic environment. 

It is unnecessary to point out that in dump leaching, the organisms get almost all 

of the essential nutrients either from the ore or from the recirculating barren 

solution. In addition to the above factors, it is also recognized that temperature, 

particle size (surface area), and additives affect the rate of leaching. 

All living organisms are made up of carbon, hydrogen, oxygen, nitrogen, sulfur, and 

phosphorus, and other trace elements that comprise the protoplasm; these occur in a 

definite stoichiometry. The stoichiometry is shown in Table 2. 

Table 2 

Approximate elementary composition of the microbial cell. 

Ss. E. Luria in the Bacteria (1.C. Gunsalus and R. Y. Stanier, 

eds.) Vol. 1 (New York, Academic Press, 1960) 

Element Percent of Dry Weight 

carbon 
50 

oxygen 
20 

nitrogen 
14 

hydrogen 
8 

phosphorus 
3 

sulfur 
al 

These are the minimal requirements of living systems. The stoichiometry of the 

environment from which organisms selectively extract elements in the process of 

growth, differs from that of the protoplasm. 

Since we are interested in the interactions of microbial forms and with their 

common environment, we considered the possibility of furnishing an organism which 

  

would supply nitrogen to thiobacillus. 

Beijerinckia, an aerobic, acidophilic, nitrogen fixing, heterotrophic organism, 

characteristically non-fastidious with respect to its carbon source seemed to be the  
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organism of choice. The acidophilic nature of Beijerinckia would make it suitable for 

the low pH conditions that exist in leaching systems. Starkey and De (1939) and 

Becking (196la and 1961b) have reported on the habitat, isolation, and characteristics 

of these organisms. It seemed reasonable to believe that if these two organisms, a 

Beijerinckia and a Thiobacillus, could be grown together, the former would fix 

dinitrogen to satisfy the need of nitrogenous compounds for itself and thiobacillus 

and the latter would fix carbon dioxide for its and Beijerinckia's organic matter in 

a medium devoid of added carbon and nitrogen sources. This hypothesis is represented 

schematically in Figure 1. 

ye 7. oe C09 
02 

    

    
Leach Liquor and Ore 

S,P, Trace metals 

No - fixing bacteria COg - fixing bacteria 

Beijerinckia lacticogenes Thiobacillus ferrooxidans 

<n 7 

Organic carbon 

Unknown Interactions 

Both have total nutrient supply if 

both are present. 

Figure 1. Proposed mutualistic interaction of T. Ferrooxidans and 

B. lacticogenes in a leaching environment devoid of 

fixed carbon or fixed nitrogen. 

The bacteria used in these tests were originally received from the American Type 

Culture Collection (ATCC), Rockville, Maryland. After preliminary screening of 

numerous strains, the most active were selected for use. In this paper are our 

findings with T. ferrooxidans, ATCC 19859 and B. lacticogenes ATCC 19361. The pure 

cultures were maintained on the 9K medium of Silverman and Lundgren (1959). Stock 

cultures of Beijerinkia were maintained on agar medium, the composition of which is 

given in Table 3. 

The Beijerinckia were systematically adapted to grow at low pH values. This was 

accomplished by sequential transfers of actively growing cells in flasks containing 

increasingly higher concentrations of hydrogen ions. 

Thiobacillus was also adapted to grow on the concentrate in question in a nutrient 

medium consisting of the 9K basal salts of Silverman and Lundgren but not containing 

(NH,) ,SO 
4 

Pure cultures of T. ferrooxidans and a mixed culture of T. ferrooxidans and B. 

or CatNO,),- The salts solution is shown in Table 4, 

lacticogenes were thus obtained in flasks containing no organic carbon source (only 

inorganic CO, of the atmosphere) and no nitrogen (except N, of the atmosphere, NH 
2 

existing as trace impurities in chemicals, and NH 

2 4 

3 absorbed by the medium at pH 2.5.
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Table 3 

Composition of agar medium for maintaining stock cultures of 

the nitrogen-fixing bacteria 

Component Concentration (g/1) 

KH2P0q4 

MgSO4.7H50 
CaClo 

Peci; 

Na2Mo0q. 2H20 
Difco yeast extract 

Sucrose 

Agar 

pH adjusted to 

5 on 
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Table 4 

Composition of the T medium used in leaching tests 

Component Concentration (g/1) 

KpHPO4 0.5 
MgSOq.7H20 0.5 
Na SO, (0), jal 
KCl 0.2 

CaSOq .2H20 Os0) 

NayMoO, . 2H20 0.0005 
pH adjusted to Pe) 

Adapted strains of these were further obtained by sequential increase of cupric ions 

in the medium. We have adapted strains of the pure and mixed cultures to tolerate 

8 g of copper per liter. 

The leaching tests were carried out in Erlenmeyer flasks with a 20% solid 

suspension of concentrate of 70 ml of the nutrient medium of the composition shown in 

Table 4. 10 ml inocula of pure and mixed cultures were employed. The inocula were 

transferred twice, prior to the innoculation, for 2 days each in the same medium as 

was used in the test so as to get actively growing cultures. All tests were run in 

duplicate and repeated to check precision. Chemical controls containing medium, but 

not bacteria, were run simultaneously. The test flasks were incubated on a recip- 

rocating shaker with a 5 inch stroke at 76 rpm at 26°C. 

The experiments were monitored in leaching flasks by removing 10 ml aliquots at 

regular intervals. Metal analyses were carried out on a Perkin Elmer Model 303 atomic 

absorption spectrophotometer. 

Bacterial populations were estimated with a Coulter Counter Model Zp Mixed 

culture populations were also measured with the same instrument using size differences 

in Thiobacillus and Beijerinckia according to the method of Drake and Tsuchiya (1973). 
  

This estimate, however, was only approximate as solids of the concentrate and pre- 

cipitate in the culture interfered with the Coulter counts. Additionally, many 

bacteria were attached to the settled solids. Intermittent microscopic examination 

of the leach flasks showed an increase of cells. 

Shown in Table 5 is the effect of % solids on leaching of copper with T. ferro- 

oxidans and T. ferrooxidans plus B. lacticogenes. 
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Table 5 

Effect of % solids on leaching of copper with T. ferrooxidans 

and T. ferrooxidans plus B. lacticogenes 

  

  

% Solids 5 10 20 33 

Thiob . Thiob Thiob. Thiob Thiob Thiob Thiob.. Thiob 

Time (g/1) + (g/1) + (G71) + (g/1) + 

(hours) Beij Beij Beij Beij 

(g/1) (g/1) (g/1) (g/1) 

20 0.26 0.28 O—23 0.25 O23 0.26 ORS 0.20 

50 O32 0.636 0.33 0.33 0.430 0.34 0.30 O50 

75 0.49 0.54 O15 0.62 0.62 05.10 0.38 0.96 

150 0.96 bead tel Lebo 20 1.82 0.66 183 

200 20) 1.64 1.40 2.07 1.48 2.46 O.77 2a 

300 1.76 4.98 2500 S.i2 2.00 3.68 1.08 2.81 

It can be seen that the amount of copper extracted was substantially heavier in the 

cultures with Thiobacillus and Beijerinckia than in the cultures with thiobacilli 
  

alone. 

Shown in Table 6 is the effect of solids on leaching of nickel with T. ferrooxidans 

and T. ferrooxidans in concert with B. lacticogenes. It can be seen that the amount 

of nickel extracted was substantially heavier in the culture with the two organisms 

than it was with one. 

Table 6 

Effect of % solids on leaching of nickel with T. ferrooxidans 

and T. ferrooxidans plus B. lacticogenes. 

  

  

% Solids i) 10 20 33 
Thiob Thiob Thiob Thiob Thiob Thiob Thiob Thiob 

Time (g/1) * (g/1) + (g/1) + (g/1) + 

(hours) Beij Beij Beij Beij 

(g/1) (g/1) (g/1) (g/1) 

25 0.20 O22 O.. 27 0.30 0. 30. 0.34 0.31 0.50 

50 0.25 0.26 0.34 0.3/7 0.40 0.47 0.58 0,81 

715 0.33 0.35 I. 50 0.54 0.63 0,62 0.82 ta 

150 0.44 O.4a5* 0.74 0.80 0.90 1,07 1.23 2.08 

200 0.45" 0,45* O77 0.8/7 0.96 LD 1.65 2.00 

300 0.45% 0,45* 0.83 0.90* Load 1.64 aor 3.66 

*100% extraction 

Leaching tests were carried out with unadapted pure and mixed cultures. In each 

case, extractions were less than achieved with adapted cultures. The tests were run 

in duplicate and repeated. Chemical controls were also carried out. Results on 

adapted pure and adapted mixed cultures for copper and nickel extraction are shown in 

Figures 2 and 3. The amounts of copper and nickel extracted by mixed culture is 

greater over the culture leached by thiobacilli alone.
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Figure 2 Figure 3 

Batch leaching of copper with pure and 

mixed cultures of T. ferrooxidans and 

B. lacticogenes at 25°C. B. lacticogenes 

Batch leaching of nickel with pure and 

mixed sultures of T. ferrooxidans and 

at 259°C, 

T. ferrooxidans oxidizes the insoluble sulfides occurring in ores to soluble 

sulfate. The more the number of Thiobacillus, owing to the nitrogen fixed by 

Beijerinckia, the greater the rate and more extensive the amount of copper and nickel 

leached. 
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