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ABSTRACT. The possibility for microbial extraction of precious metals from mineral and metal bearing raw materials and wastes is of special interest in the area of
the mineral biotechnologies. Various processes of this type are known and the most important among them are the following: the preliminary oxidation of gold-bearing
sulphide ores and concentrates by means of chemolithotrophic bacteria and archaea to liberate and expose the fine gold particles from the sulphide crystal structures;
the direct extraction of gold from oxide mineral raw materials by leaching with solutions containing amino acids of microbial origin and suitable chemical oxidisers of
the native gold; the leaching of gold by means of heterotrophic bacteria growing on suitable organic sources of carbon and energy in the presence of the mineral gold-
bearing mineral raw materials being leached; selective change of the flotation properties of the gold-bearing sulphide minerals by short treatment with
chemolithotrophic bacteria to facilitate the subsequent flotation and produce very clean gold-bearing concentrate.
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MWKPOBMONOIrNMYHO U3BNMNYAHE HA BJTATOPOOHU METAINU OT ®NIOTALWOHHO-TPABUTALIMOHEH KOHLIEHTPAT
WUpena Cnacoea, MapuHa Hukonosa, lnameH "eopaues, CmosiH Mpydes
MurHo e2eonoxku yHugepcumem “Ce. MeaH Puncku®, 1700 Cogbus

PE3IOME. CreupaneH uHTepec B 0bracTta Ha MUHepanHuTe GUOTEXHOMOMMM e Bb3MOXHOCTTA 33 MUKPOBHO M3BMMYaHe Ha 6naropodHu MeTanm oT MUHepasH1 1
MeTan CbAbPXall CYPOBMHA M OTMAZbLM. VI3BECTHM Ca pasnuuHM MpoLEcH OT TO3W TUM W Hail-BaXHU CPed TAX Ca: MPeaBapuUTErHOTO OKUCTEHWE Ha
3MaToChAbpXaLMTe CyNdUAHN PyaW W KOHLEHTPaTW Ype3 XeMonmuToTpodHu BakTepun u apxen 3a ocBOBOXOaBaHe M U3naraHe Ha (UHUTE 3MaTHW YacTuuy ot
CyncMaHUTE KPUCTanHU CTPYKTYPU; AVPEKTHO M3BNWYAHE Ha 3NMaTo OT OKUCHU MUHEPAHW CyPOBWHI Ype3 U3BMUYAHE C PasTBOPM, ChabpKaliy aMUHOKUCENUHIA OT
MUKPOBEH NPOW3XOA W MOAXOASLLM XMMUYECKU OKUCTUTENM; W3BMMYAHE Ha 3MATO C MOMOLTA Ha XeTepoTpodHM BakTepum, KOWTO pacTaT BbpXy MOAXOASLM
OpraHWYHM U3TOYHULM Ha BBITIEPOA W EHEPTUS B MPUCHCTBUETO Ha U3MYrBAHUTE 3MaTO-ChAbPXKALLM CYPOBUHY; CENEKTUBHA MPOMSsIHA Ha (hNOTALMOHHUTE CBOMCTBA
Ha 3naTochAbpXalmTe CynduaHA MUHEpanu 4Ypes KpaTKOTpalHO TpeTMpaHe MOCPELCTBOM XeMOnuTOTPOhHW GakTepun 3a yrecHsiBaHe Ha mocnejsaliata
hnoTauus 3a nonyyaBaHe Ha MHOTO YUCT 3NaTO-ChAbPXKaLL KOHLEHTpaT.

KntouoBu AyMM: XeMonUTOTPOGHM, U3NYrBaHe, LieHHN MeTanm

Introduction - Bioleaching by means of heterotrophic bacteria grown
on suitable organic sources of carbon and energy in
The ability of different microorganisms, mainly the presence of the leached gold-bearing substrate;
chemolithotrophic bacteria and archaea to leach precious - A selective change of the flotation properties of the
metals from mineral substrates (ores, concentrates and sulphide minerals present in the complex gold-bearing
wastes) is largely applied under real industrial conditions. The concentrates by means of a short treatment by
role of the microorganisms in these processes can be of chemolithotrophic ~ bacteria  and archaea. This
different types: treatment results in a change of the flotation
- A preliminary oxidation of the gold-bearing sulphide properties of the gold-bearing concentrates.
ores and concentrates to reveal and liberate the fine This paper contains data about investigations on the microbial
gold particles from the sulphide crystal structures. In extraction of the precious metals from a sulphidic gold-bearing
some cases the microbial oxidation of sulphides is ore in the western part of Bulgaria.

performed together with the leaching of the precious
metals by means of reagents which are non-toxic for
microorganisms (such as thiourea and acidic Materials and Methods
medium);

- A direct extraction of gold from mineral oxides

p . ) The initial I tained 7.1 g/t Au and 14.5 g/t Ag,
containing the precious metals by means of solutions ¢ ilal sample conaine gi Au an 9t Ag

2.8% sulphur (from which 2.4% were sulphidic), 7.3% iron and

of aminoacids of microbial origin and suitable 350, conner as the main components. The phase analysis of
chemical oxidants of the native gold (such as the ggld ir?Ft)he ore was: P - e p y

peroxides); - Free Au 0.5%;
- Auin oxides and hydroxides 12.5%;
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- Au finely disseminated in sulphides (mainly pyrite)
85.1%;

- Aufinely disseminated in silicates 1.9%.
Most of the gold was finely disseminated in pyrite and a
relatively small part — in chalcopyrite. The gold was present
mainly as small (less than 1 micron) particles. The chalcopyrite
was the main copper mineral in the ore but part of the copper
was present in secondary sulphidic minerals, mainly in covellite
and bornite. The quartz was the main mineral in the ore rock.
A gravity-flotation concentrate was obtained by processing of
the initial ore sample. The pyrite was the main gold-bearing
mineral in the concentrate. The gold was present in the pyrite
as a fine isomorphic impurity. The galena was the main silver-
bearing mineral and the silver was present also as isomorphic
impurities. A portion of the silver was present in the pyrite.
Data about the concentrate are shown in Tables 1 and 2.
The bioleaching of concentrate was performed in agitated
Erlenmeyer flasks of 300 ml volume each containing 100 ml
leach solution with the composition of the 9K nutrient medium
and different quantities of the mineral substrates used in this
study with a particle size of minus 100 microns added in
quantities to form the desired pulp density.

sulphide minerals. The thiosulphate was the main attractive
leach agent due to its relatively low toxicity and efficient
leaching ability which was very close to that of the very toxic
cyanide. The combination of thiosulphate with a protein
hydrolysate was even more efficient than the leaching ability of
the cyanide. The combination of thiosulphate with a protein
hydrolysate was even more efficient than the leaching ability of
the cyanide. However, all these reagents were not able to
penetrate through the sulphide matrix and to establish a direct
contact with the precious metals finely disseminated in the
sulphide minerals (mainly in the pyrite) of the concentrate. The
addition of some chemical oxidisers (mainly of KMnO4) to the
leach solutions increased considerably the level of extraction of
these metals. However, the most efficient extraction of the
precious metals was achieved by means of the preliminary
sulphide oxidaton on the relevant concentrate by
chemolithotrophic bacteria and archaea able to expose the
precious metals and to make them accessible to the reagents
suitable for their solubilisation.

Table 3. Leaching of precious metals from the flotation
concentrate by different reagents before and after its pre-
treatment by means of microbial oxidation

Table 1. Data about the gravity-flotation concentrate Leach solutions The initial The pretreated
Element Content concentrate concentrate
S total 6.80 % Au | Ag Au | Ag
S sulphidic 6.17 % Extraction, %
Fe 8.04 % Protein hydrolysate 8.6 4.1 14.5 7.3
Cu 1.64% Protein hydrolysate +
Zn 0.15% KMnO4 32.7 14.5 89.4 72.1
Pb 6.35 % Protein hydrolysate +
Au 28.4 gl thiosulphate 404 | 212 | 918 | 756
Ag 1270 gt Thiosulphate 35.8 17.8 90.1 72.5
NaCN 38.7 20.3 90.5 72.1

Table 2. The phase composition of the precious metals in the
concentrate

Phase composition Distribution, %
Au Ag
Free exposed 12.5 -
Capsulated in iron oxides 314 20.3
Finely dispergated in sulphides 53.0 71.3
Finely injected in silicate 3.1 8.4
Total 100.0 100.0

Elemental analysis of the liquid samples from the leach
systems was performed by atomic absorption spectrometry
(AAS) and inductively coupled plasma spectrometry (ICP). The
isolation, identification and enumeration of microorganisms
were carried out by the classical physiological and biochemical
tests and by the molecular PCR methods (Karavaiko et al.,
1988; Attia, El-Zeky, 1989; Spasova et al., 1994; Groudev et
al., 1996; Sanz, Kdchling, 2007; Escobar et al., 2008; Dopson,
Johnson, 2012).

Results and discussion

The direct chemical leaching of the precious metals from
the sulphide concentrate used in this study was not efficient
(Table 3) due to the fine dissemination of these metals in the
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A large number of chemolithotrophic microorganisms able
to oxidise sulphide minerals (including the most stable pyrite
and chalcopyrite) were tested for their ability to oxidise these
sulphide minerals (Table 4). It was found that the different
chemolithotrophs, even such related to one and the same
taxonomic species, can differ considerably from each other
with respect to this ability. The most efficient oxidisers were
some strains of the extreme thermophilic archaea of the
species Sulfolobus metallicus and Thermoplasma acidophilum
at 86°C but at relatively low pulp densities (up to 10-20%).
Other strains of these species and some strains of the species
Metallosphaera sedula were the most efficient at relatively
higher pulp densities (14-20%) at 75°C. Some mixed cultures
of extreme thermophilic archaea were also very active at these

temperatures.
The moderate thermophilic bacteria, mainly such of the
species Sulfobacillus thermosulphidooxidans and

Alicyclobacillus tolerans, were also very active at lower
temperatures (50-59°C) and pulp densities of 15-20%.

The comparative experiments during this study revealed
that the most efficient oxidisers of the sulphide ore and the
sulphide concentrate were the chemolithotrophs possessing
only the ability to oxidise the ferrous iron but not the elemental
sulphur (S9). The most efficient in this respect were the
members of the genus Leptospirillum, such as the mesophilic
L. ferrooxidans and the moderate thermophilic L. ferriphilum.
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These microorganisms acted according to the well-known
indirect oxidative mechanism and their role consisted in the
oxidation of the ferrous iron to the ferric state. The ferrous ions
were generated in the leach system as a result of the oxidation
of the sulphides by the ferric ions.

Table 4. Extraction of precious metals from the flotation
concentrate pre-treatment by means of chemolithotrophic
microorganisms related to different taxonomic species and
different strains from each taxonomic species

Pretreated by means of | Extraction of precious | Number
different microorganisms metals after pre-  |of strains
treatment, % tested

Al | Ag

Mesophilic bacteria

Acidithiobacillus ferrooxidans | 82-93 | 68-77 12

Leptospirillum ferrooxidans 78-91 | 64-T71 8

Acidithiobacillus ferrivorans | 75-88 | 57-68 4

Moderate thermophilic bacteria

Sulfobacillus 80-95 | 65-79 8

thermosulfidooxidans

Alycyclobacillus tolerans 77-90 | 62-71 4

Leptospirillum ferriphilum 75-86 | 57-T1 4

Extreme thermophilic archaea

Sulfolobus metallicus 84-95 | 68-82 8

Metalosphaera sedula 77-91 | 64-78 6

Acidianus infernus 73-84 | 60-80 6

Thermoplasma acidophilum | 71-80 | 59-74 4

Note: The duration of the pre-treatment was up to 168 hours at the
relevant temperature: 37 and 55°C for the mesophilic and moderate
thermophilic bacteria, respectively, and at 75 and 86°C for the
extreme thermophilic archaea, at 20 % pulp density.

On the other side, some microbial species possessing only
sulphur-oxidising ability but not able to oxidise the ferrous iron
(such as the mesophilic At thiooxidans and the extreme
thermophilic Sulfolobus acidocaldarius and S. solfatarium)
were able to leach the sulphides but usually at relatively lower
rates.
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It must be noted also that at higher temperatures (over 60
- 65°C) there was some chemical oxidation of the ferrous iron
to the ferric state by means of the oxygen dissolved in the
leach solutions. The ferric ions generated in this way were also
involved in the oxidation of sulphides. However, the role of the
chemolithotrophic microorganisms mentioned above was
considerably more essential than the chemical oxidation of the
sulphidic concentrate used in this study.
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