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Through joint research with Australia, we proposed a pretreatment method for
highly efficient cyanide extraction of gold from gold ores that have not yet been subjected to
development, in which gold particles are isolated by bio-oxidation of sulfide minerals, and
carbonaceous substances are decomposed by lignin-degrading enzymes. Furthermore, when thiourea was
used as the extractant, gold particles were mostly liberated after bio-oxidation of sulfide
minerals, and gold was almost completely extracted directly under strongly acidic conditions. This
is due to the fact that the affinity between the gold complex and the carbonaceous matter varies
greatly depending on the extractants. Thiourea extraction is the only method suitable for
carbonaceous gold ores, and a common cation exchange resin was sufficient to recover the gold
thiourea complex.



Cyanidation, aconventional processto extract gold from gold ores, has been used for over 130 years
in industrial mining because of the high efficiency and rate of formation of Au(CN)> and the high
recovery efficiency by adsorption of Au(CN), on activated carbon. However, carbonaceous refractory
gold ores are not targeted because Au(CN); is easily adsorbed on carbonaceous matter in the ores,

resulting in high recovery loss.

The present work aimed to elucidate the environmentally friendly process with sufficient efficiency

of gold recovery from carbonaceous gold ores.

In this study, the flotation concentrates of a carbonaceous refractory gold ores was subjected to
biooxidation at 45°C using a mixed culture containing iron-oxidizing and sulfur-oxidizing bacteria,

followed by gold extraction using thiourea under strongly acidic conditions.

In this study, DRGOs were sequentially subjected to BIOX and enzymatic treatment
to determine the optimal pretreatment conditions for maximizing the gold extraction
efficiency. The almost perfect extraction of gold from DRGOs was realized by thiourea
leaching when the ore sample was pretreated for sulfide dissolution by BIOX using iron-
and sulfur-oxidizing bacteria for four weeks at 45 °C without any subsequent enzyme
treatment to degrade carbonaceous matter. The complete extraction of gold from DRGOs
was achieved in 12 h, and the extracted Au(CS(NH2)2)2* was quantitatively recovered at
pH 1 using cation exchange resin DIAION PK216LH even in the presence of the residual
4.20 mM Fe3* ions. In contrast, the gold cyanidation was much influenced by surface
properties of carbonaceous matter in the remaining ore samples after BIOX. Re-
adsorption of Au(CN)2 obviously happened as well as extraction. Enzymatic
decomposition of carbonaceous matter prevented the re-adsorption of Au(CN)z, although
the recovery efficiency was lower than 80% because of the coverage of the surfaces with
bio-degraded products. This study exemplifies the superiority of the BIOX pretreatment
procedure and the thiourea extraction of gold from DRGOs over cyanide extraction. The
proposed pretreatment without treatment of carbonaceous matter is simple, wherein
carbonaceous matter does not need to be treated by changing the ligand. This is
advantageous not only from the viewpoint of gold recovery efficiency and procedure
efficiency but also from the viewpoint of environmental impact.

The DRGOs should not be abandoned any longer. By selecting the ligand to extract
gold, the property of the gold complex can be altered. “Gold robbing,” the reason why



DRGOs have been abandoned for development, can be prevented. Mendoza (2023)
proposed a pretreatment scheme for DRGOs prior to cyanidation, including sulfide
oxidation and laccase treatment to degrade carbonaceous matter. However, it should be
modified by incorporating the strategy developed in this study. The DRGOs containing
carbonaceous matter with low graphitic degrees are classified to be the most refractory
gold ores. Even if the graphitic degree is low in DRGOs, the carbonaceous matter does
not need to be degraded using organic carbon-degrading bacteria or lignin-degrading
enzymes, if thiourea is used for extraction. The applicability of the simplified extraction
and recovery process to other carbonaceous refractory gold ores was demonstrated using
the second sample. Although the poor affinity of Au(CS(NH:2)2)2* on activated carbon is
disadvantageous, it can be overcome by replacement with cation exchange resins. In
some places, industrial activities involving cyanide compounds are restricted. The
process of extracting gold from urban mines is not always suitable to meet the demand
for gold owing to the complexity of the separation process from the coexisting metals and
the dangers associated with the consumption of environmentally hazardous chemical
reagents. Under these circumstances, the prospect of a complete gold extraction and
recovery method from DRGOs, an unutilized natural gold resource, is of great
significance

The gold extraction efficiency reached ~100% in 12 h without re-adsorption. Finally,
the quantitative recovery of the Au(CS(NH2)2)2* complex was confirmed by adsorption
on strongly cationic exchange resin. Biooxidation reduced the amount of Fe-containing
metal sulfides, which minimized the decomposition of thiourea, and the Au(CS(NH2)2)2+
complex had a low affinity toward carbonaceous matter, different to Au(CN)z. Since the
process described in this study does not require roasting to remove carbonaceous
materials in pretreatment and does not use cyanide for gold extraction, it is
environmentally friendly and should be considered for practical applications in

carbonaceous gold ore-producing mines.
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Fig. 1 Thiourea (a), (b) and cyanide (c), (d) extraction of Au from DRGO. (a), (c) SYM
after BIOX treatments with different mixed cultures, (b), (d) PFC after BIOX (Am.
ferooxidans ICP, Ac. caldus KU) treatment (n = 3 for SYM, n =2 for PFC).

Tablel Adsorption characteristics of (8) Au(CS(NH2)2)." and (b) Fe** on DIAION
WA21J and PK216LH from the extracted solutionsin thiourealeaching. Initial Au
concentration was 4.86 uM (n = 3).

equilibrated concentration adsorption density Recovery
ion exchange resin (uMm) (umol/mL) (%)
WA21) 1.073 £ 0.333 0.0474 + 0.0042 77.93 £ 6.85

PK216LH 0.190 + 1.54 x 104 0.0584 + 1.54 x 104 96.09 * 0.25
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Fig.2 Flow sheet for the DRGO pretreatment, extraction and recovery of Au complex
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