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s, a metallurgical technigue for extracting gold
frem lew grade ore by cenverting the gold to
Water selubleaurecyanide metalliccomplex IeRs
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Pyrite particle before biooxidation with bacteria. The sample pyrite particle after 30 days of biooxidation with bacteria.

The bacteria are causing "corrosion" of the pyrite resulting in exposure
of occluded gold.




Arsenopirita aurifera
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Poro en una particula
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g/ton

Au Ag Pb Fe As S
Concentrate 87.09 12320 2.6 . . 29.2 0.15 32

Ore 4.12 289 0.5 ; 3.67 0.1 3.7

- Silver Iron Sulfide

- Argentite , Pyrite

- Pyrrhotite, Arsenopyrite
- Chalcopyrite, Covellite

- Hematite and Magnetite
- Quartz and Calcite




60 minutes

Ag(CN), Au(CN),

150, + 2H,0 2Fe(S0O,), + 2H,S0,




ihe primagky. reactions, are:

2FeS, + 70, + 2H,0 = 2Fe** + 4S0O,~ + 4H*
FeS, + 2H* = Fes* + H,S + S°

EErreus ens produced by reaction (d)rancd (2)
alie suseguenitly, exidized 16! eric 1Iens:

2Eez /2000 E 21 = 2Ees = 50O




TThe ferric ions an alse contribute to the oxidation
off silver 1ron sulfide, argentite, pyrite, pyrrhotite,
sphalerite and chalcopyrite:

Agke,S, + Fest = AgF + 3 Fes* + 254 + SP
Ag,S + 2Fe>* = 2Ag* + 2Fe?* + SO

ZNnS + 2Fes* — Zngt - 2Fezt 4 S0

CukeS, + 4Fe=* = Cuz> + 5Ekez + 2SP




Then, elemental sulfur may alse be further oxidized to
sulfate by exygen or by ferric sulfate:

280 + 30, + 2 4H* + 250,%

SO + 6Fe’* + 4H,0 6Fes* + 8H* + SO,~

RIS resulits Inr the fiermation) 6f a pPereus,but nenprotective, elemenital
suliivr 1ayer, thus allewing cy/anide: and disselved 0Xy/gen o acCCEess 1o

the previeusly’locked geld, silver and electrtim
Ag,S + 4CN- =  2Ag(CN), + S%

4 AU + BCNT + 0, +H,0 =  4Au(CN), + 40H:
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CONDITIONS
%Solids =20
pH =117
Pressure =80psi
rpm = 300
Temp.=80C
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CONDITIONS
% Solids =20
pH =117
Temp.=80°C
Pressure =80 psi
rpm =300
leach time =60 min.
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CYANIDE CONCENTRATION, %




CONDITIONS
% Solids =20

pH =112

Pressure =80 psi
rpm =300

leach time =60 min.
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CONDITIONS
% Solids =20
Temp.=80°C
Pressure =80 psi
rpm =300
NaCN = 1%
leach time = 60 min.
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pH =112

Pressure =80 psi
rpm =300

NaCN =1%

leach time =60 min.
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CONCLUSIONS ‘ ﬂu

, The present study shows that ﬁﬂ’ and silver values are
associated with S|Iver ulfide, argentite, pyrlte,
pyrrhotite, sphaleriF chalcopyrlte
concentrate. - ~

-
TERGSSEINEHIREIRGEIdSandTsilver are due to the strong

L

soIEESXIpENcERARIItIes” off cyanide aniens combined with
the oxidizing properties of the dissolved molecular oxygen

in the Bacis
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., The kinetics of the direct pressure oxidation/cyan on was
found to be strongly dependent # ﬂarticle size,
ratu

concentration of sodium cyanide, t@@nhperature and pH.
Tt

ﬂe oxidation/cyanidation, has
proven to be i in treating pyrlte efractory gold anc
S|Iver g concgntrates from Bacis .

t was found tha
exceeded 96%.

, Single stage direct
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80 ¥c !and 80 psi

. The relatively mild operating conditions
oxygen pressure offer distinct advantag

For example, low cost materi f construction can be
utilized for the autoclave.
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5.- MEXICANA DE CANANEA (Cobre)
6.- MEXICANA DE COBRE (Cobre}
T.- PILARES (Wollastonita)
8.- COBACHI (Barita})
9.- ZONA GRAFITERA
10- EL. VOLCAN (Fierro)
11.- EL TAYMUCO {Yeso)
12.- YAVAROS (Sal)
13.- SALINA DE LOBQS (Sal)
14.- LOS HALCONES (Perlita}
15.- MOLIMEX {Molibdenc}
16.- CALERA NACQZARI {Cal)
17.- SALINERA KINO (8al}
18.- CEMENTOS PORTLAND (Cemento)
19,- CEMENTOS DEL YAQUI (Cemento}
20.. CALMIDRA DE SONORA (Cal}
21.- CARBON BAN ANTONIO (Carbén}
22.- FIERRO CARBO (Fierro)
23.- FIERRO BACANORA (Fierro)
24.- PRODUCTOS CALCAREQS (Cal)
25.- ELYESO (Yeso0)
26.- MAZATAN (Barita)
27.- BACADEHUACHI (Sulfato de sodio)




PoTeNcIAL DE CRECIMIENTO

10 nuevos proyectos miner os en oper acion
en € periodo 2004-2009
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