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SUMMARY 

The bioleaching of cobalt from domestic, industrial smelter wastes was studied. Thiobacillusferrooxidans solubilized Co from sulfidic dross furnace 
mattes. At ]pulp densities of 4% (w/v) up to 600 mg of Co per liter &leaching solution was released from nickel matte, corresponding to removal of about 
two-thirds of the original amount of Co in the matte. Bioleaching methods may be useful as a component of a process for solubilization and recovery of 
Co from sulfidic smelter mattes. 

I N T R O D U C T I O N  

Cobalt is among the strategic and critical materials 
important to industrial economies [3]. However, the 
United States has produced no Co since 1971 because 
domestic ores contain cobalt in low concentrations and 
the processing of  such low grade ores is not economically 
feasible at present [11 ]. A potential domestic source of Co 
exists in the residues and by-products from lead mining 
and smelting in the state of Missouri, where commercial 
smelting and refining of  lead produces smelter mattes and 
slags in which metallic impurities are concentrated as 
sulfides [ 10]. The St. Joe Lead Company smelter produces 
in one year residues containing about 9 x 10 4 kg of  Co 
[10]. 

Hydrometallurgical approaches to the recovery of  Co 
from smelter wastes (e.g., chemical leaching using ferric 
chloride brines) have been reported [10]. Given the sul- 
fidic nature of  the material, leaching of  these wastes with 
metal sulfide-oxidizing bacteria is also an attractive 
potential route for solubilization and recovery of  the Co. 
Microbial leaching of  sulfidic ores contributes strongly to 
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the recovery of  copper and uranium from commercial 
leaching operations in the United States, Canada and 
elsewhere [9]. There is considerable world-wide interest 
in applying bioleaching techniques to the large scale 
recovery of  other metals from ores and wastes. 

A candidate microorganism is the iron- and sulfur- 
oxidizing bacterium Thiobacillus ferrooxidans, which has 
been studied extensively for its ability to oxidize metal 
sulfide ores. This bacterium is active in metal sulfide 
weathering and mining environments around the world 
[9]. T. ferrooxidans has been shown to oxidize synthetic 
cobalt sulfide, producing soluble Co and sulfate [16]. 
While cobalt sulfide leaching (and sulfur oxidation) by 
T.ferrooxidans strain AP19-3 is strongly inhibited by 
0.1 mM Co 2 +, this inhibition is relieved by ferrous iron 
[151. 

Industrial wastes generated from smelting and 
roasting of Pb and Zn ores have been subjected to 
bioleaching for evaluation of  metal recovery [7]. In 
30days,  T. ferrooxidans and T. thiooxidans leached 
33-69~o of  Cu and Zn from such wastes. 

The purpose of  this investigation was to determine 
whether T.ferrooxidans could release Co into solution 
from sulfidic smelter wastes, indicating that microorgan- 
isms might be considered as part of  a process for Co 
recovery from these materials. 
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MATERIALS AND METHODS 

Nickelmatte. Dross furnace mattes in dry powder form 
were obtained from the St. Joe Lead Company, Hercula- 
neum, MO. The composition of the nickel matte is given 
in Table 1. The material was sieved and -200  mesh 
(<  74 #m) and - 50 + 100 mesh (150-300 #m) fractions 
were used for subsequent study. The sulfur content of the 
two fractions varied only slightly, 8.5% for -200  mesh 
and 9.7% for - 50 + 100 mesh, as determined by a high 
temperature combustion method with iodimetric titration 
[2]. Infrared spectra of the matte material were taken with 
an Analect (Utica, NY) AQS-20 Fourier transform infra- 
red (FT-IR) spectrometer with a diffuse reflectance acces- 
sory. Prior to FT-IR analysis, the nickel matte was diluted 
1:100 in KBr. and shaken 10 s in a wig-l-bug mixer 
(Crescent Dental Manufacturing Co., Lyons, IL). 

Organisms and culture conditions. Three strains of 
T.ferrooxidans were used in this study. Strain BA-4 was 
originally isolated from coal mine sediments in Wyoming 
[13]. Strain SW9K1 was isolated from cinnabar mines in 
Italy [4]. Strain 13661 (American Type Culture Collection 
designation) was obtained from R.M. Kelly, The Johns 
Hopkins University. All three strains were tested for the 
presence of heterotrophic contaminants as described by 
Harrison [8] and shown to be free of such organisms. 

The organisms were maintained on 9K liquid medium 
basal salts [14] with pyrite added (4%, w/v) as the energy 
source. The basal salts solution consists of (NH4)2804, 
3.0 g; KC1, 0.1 g; KzHPO4, 0.5 g; MgSO4"TH20, 0.5 g; 
Ca(NO3)2, 0.01 g; 10 N H2SO4, 1.0 ml; and deionized 

TABLE 1 

Composition of nickel matte 

Element Weight % 

Pb 23.0 
Cu 22.8 
Ni 20,0 
As 7.2 
S 6.6 
Zn 5.5 
FeO 4.0 
Co 2.0 
Na 0.7 
Ag 0.03 
Cd 0.02 

water, 700 ml. The basal salts were autoclaved at 121 ~ 
for 15 min, and the solid substrates (pyrites, smelter 
mattes) were sterilized by heating them at 160~ for 1 h. 
Cells were grown at 25 ~ C with aeration on a rotary shaker 
at 120 rpm. Samples were removed occasionally for 
monitoring cell growth as determined by solution cell 
numbers (Petroff-Hausser bacteria counter with phase 
contrast microscopy) and soluble iron [1] measurements. 
Inocula for leaching experiments were prepared by centri- 
fugation of active cultures (4000 x g for 15 min) and 
washing (twice) and resuspending cells in 0.01 M H2SO 4. 
Flasks containing basal salts and furnace matte were 
inoculated to give a starting cell concentration of approxi- 
mately 107/ml. 

Bioleaching studies. Leaching studies of nickel matte 
were conducted using 100 ml of basal salts plus 4.0 g of 
matte in 250-ml conical flasks inoculated with 
T.ferrooxidans. The pH of the solutions was adjusted to 
2.5 with H2SO 4. Pyrite ( -  50 mesh, <297/~m) 
(Matheson, Coleman and Bell, Norwood, OH) was added 
to certain flasks to determine if microbial oxidation of 
pyrite would accelerate Co leaching. The pyrite was 
44.1 To Fe, as determined by a colorimetric procedure [1] 
following peroxide fusion, and 53.8~ S as determined by 
a combustion-titration procedure [2]. Periodically, 1.0-ml 
samples were removed for counting cell numbers and for 
determination of Co in solution by graphite furnace 
atomic absorption spectroscopy (GFAAS). 
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Fig. 1. Growth of T. ferrooxidans strain 13661 on smelter matte 
(4 g in 100 ml of basal salts) as monitored by solution cell counts. 
A ,  - 200 mesh; O, - 50 + 100 mesh; �9 - 50 + 100 mesh plus 
2 g pyrite. No cells were detected in uninoculated control flasks. 



Coba# determinations. Leaching solutions were cen- 
trifuged at 12000 x g for 2 min in plastic centrifuge tubes. 
Cobalt in the resulting solution was determined with a 
Perkin Elmer model 460 atomic absorption spectro- 
photometer equipped with an HGA 2100 graphite furnace 
atomizer. A Perkin Elmer hollow cathode cobalt lamp 
was used at a wavelength of 240.7 nm. Cobalt in nickel 
matte was determined also by GFAAS after dissolution 
of the matte in a mixture of hot hydrochloric, nitric, hydro- 
fluoric and perchloric acids [12]. 

RESULTS AND DISCUSSION 

The matte material contained alkaline components as 
evidenced by the rise in pH of the basal salts medium on 
addition of the matte. Additional H2SO 4 was added to 
adjust the pH of the medium to about 2.5. At 4~o pulp 
density, 3.1 mEq of acid (as H2SO4) per g of nickel matte 
were required to maintain the pH in the region of 2.5-3.0. 
Infrared spectra of the nickel matte showed loss of a 
prominent peak at 1420 cm- 1 upon acid treatment. This 
peak was assigned to carbonate functionality. 

The three strains of T. ferrooxidans were maintainable 
on the smelter matte, which contains metal sulfides, as the 
sole source of energy. Solution cell counts with strain 
13661 increased from an initial 107 cells/ml to 
7.2-13.5 x 107cells/ml when grown on nickel matte 
(Fig. 1). We did not attempt to count cells attached to 
particles in this heterogeneous system. The increase in cell 
numbers in solution with time is a reflection of growth in 
the medium. However, much of the growth may occur on 
particle surfaces with cells being shed into solution. 

Preliminary experiments with the three strains of 
T.ferrooxidans showed that all three released Co into 
solution l~om the nickel matte (Table 2). After 14 days of 
incubation in shake flasks, the culture solutions contained 
66-122 rag/1 of Co compared to 0.01 mg/1 Co in a sterile 

TABLE 2 

Dissolution of Co and Ni from nickel matte (after 14 days) by 
strains of T. ferrooxidans 

Strain Soluble Co (mg/1) Soluble Ni (mg/1) 

BA-4 66 653 
SW9K1 80 497 
13661 122 449 
sterile 0.01 361 
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Fig. 2. Dissolution of Co from nickel matte (4~o pulp density in 
9K basal salts) by T. ferrooxidans strain 13661. (A) - 200 mesh 
matte; (B) - 50 + 100 mesh matte. Open circles denote flasks 
with pyrite (2.0 g) amendment. Dotted lines represent sterile 

controls. 

control. Nickel was also detected in solution at relatively 
high concentrations in both uninoculated and inoculated 
flasks, indicating that acidification alone solubilized 
nickel. 

Strain 13661 was chosen for time course experiments 
of Co bioleaching. In the presence of this organism, Co in 
solution increased with time to concentrations of several 
hundred mg of soluble Co/1 after 6 weeks of incubation 
(Fig. 2A). The addition of pyrite did not increase the rate 
or extent of Co dissolution with the - 200 mesh nickel 
matte sample. However, the addition of pyrite to the 
- 50 + 100 mesh material (Fig. 2B) increased the total 
Co in solution after 6 weeks. Sterile controls showed very 
little Co dissolution, nor was soluble Co detected in flasks 
containing cells and pyrite but no smelter matte. Cell 
numbers in solution after 6 weeks were about 108 cells/ml. 
No cells were seen microscopically in the sterile controls. 

The extent of Co removal from the spent nickel matte 
by T.ferrooxidans after 6weeks incubation was about 
65~o for -200mesh  and 43~o for - 5 0 +  100mesh 
samples. These values were calculated based on the con- 
centration of soluble Co, the volume of solution and the 
amount of Co in the starting material. To confirm these 
findings, the processed material was digested in acid and 
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analyzed by AAS for residual Co. These results showed 
that 30~o of  the Co remained in the - 2 0 0  mesh material 
and 40% remained in the - 5 0  + 100 mesh material. 
Thus, a reasonable mass balance for Co was obtained. 

Hydrometallurgical processes have been applied to 
smelter wastes in attempts to develop cost-effective Co 
recovery technology. Metals in finely ground smelter 
wastes were dissolved by hot ferric chloride brines. Metal 
separation steps follow, including the use of ctlelating 
resins to achieve separation of  Co from Fe and Pb in 
acidic solutions [10]. Ferric chloride leach liquors from 
chemical leaching of  copper mattes (0.9 % Co, pulp den- 
sity 2.5%) typically contain 0.2g/1 of Co, representing 
about 90~o recovery of  the starting Co. We found that 
T. ferrooxidans could generate solutions containing 0.6 g/1 
Co from - 200 mesh nickel mattes (2.0% Co, pulp density 
4.0~o), representing about 65-70% recovery. However, 
several weeks were required to achieve Co dissolution. 
Ebner [7] also found several weeks were necessary for 
significant enhancement of bioleaching of Cd, Cu and Zn 
from smelter and roasting wastes. Improvements in 
bioleaching rate may be possible through manipulation of  
leaching conditions, or through the use of  mixed cultures 
or thermophilic metal sulfide leaching bacteria [9]. The 
presence of  pyrite did not significantly stimulate Co 
release except, perhaps, after 5 weeks of incubation with 
+ 50 - 100 mesh matte. T.ferrooxidans oxidizes pyrite to 

generate ferric sulfate-rich solutions which are good 
chemical oxidants of  metal sulfide minerals. This process 
contributes to copper and uranium recovery in commer- 
cial bioleaching operations [9]. 

This study showed that substantial amounts of Co can 
be released from sulfidic smelter wastes by pure cultures 
of  T.ferrooxidans. However, bioleaching rates are rela- 
tively slow. Additional work is necessary to determine the 
conditions under which bioleaching might be effective in 
heap leaching of  smelter wastes. Such a process might be 
coupled to a subsequent treatment step for selective Co 
recovery from solution, perhaps involving ion exchange 
techniques [10] or the use of  microbial metal recovery 
agents [5,6]. 
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