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INTRODUCTION
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Major Gold Producers: Attributable Reserves & Grade
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High demand for gold
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Ore grades are on decline
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GOLD PROCESSING TECHNOLOGY
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CYANIDE LEACHING

Cyanide ion (CN-), NaCN, KCN
pH >10, room temperature, atmospheric pressure

4Au+ 8CN~ + 0, + 2H,0 —» 4Au(CN); + 40H~

* Well-known and simple process

* High selectivity for gold and stability
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Highly toxic

Risk for human health and
environment

Strict regulations

Ban for the use of cyanide

Low process efficiency in

complex ores
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GOLD CYANIDATION FLOWSHEET
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ALTERNATIVE REAGENTS
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Industrial scale:

* Thiosulfate (S,0,%)

(Barrick Gold at Nevada, USA)
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Development Stage

Chloride (ClIY)
Glycine (C,H:NO,)
Thiocyanate (SCN")

Thiourea (CH,4N,S)
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CHLORIDE LEACHING

Chloride (CI'), NaCl
pH <3, elevated temperatures (65-95 °C), atmospheric pressure
Au + 4[Cl]™ + 3[CuCl]t - [AuCl,]” + [CuCl3]?”

Au + 2[FeCl,]t* - [AuCl,]” + Fe?*

Less-toxic

Fast and efficient dissolution kinetics

Simultaneous dissolution of other metals
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GLYCINE LEACHING

Glycine, NH,CH,COOH
pH >9, elevated temperatures (40-75° C), atmospheric pressure

4Au + 8NH,CH,COOH + 40H™ + 0, —» 4Au(NH,CH,C00); + 6H,0

Non-toxic

Simple process
Stable over wide Eh-pH range
Easily recyclable and reusable

Strongly attract metal ions like Au
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S())CRATES
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WP 2: Metal recovery

Synthesis of extractants, recovery of metals from hoi_:tlo
aqueous and ionic solutiohs by cementation, ion cxchange
and alactrolytic tachniques. In-silico approaches to describe
solvent miscibility 0 solvent extraction processes and 1o
design new extractants

WP 1: Metal extraction

Extraction af melals Trom industrial residues by

v Solvometallurgy using organic solvents

* lonometallurgy using Deep Eutectic Solvents {DESs)
*  Hydrometallurgy using agueous selutions

*  Plasma metallurgy (Plasma-driven fuming process)

Main gools: Main goals:
+  Efficient extraction = Process scalakility »  Recovery of solid metals +  Process scalability
+ Solactivity * Economic feasibility *  High selectivity + [conamic feasibility

|
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Fz = rich sludge dissclved n DESs
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WP 4: Advanced characterisation, mapping

WP 3: Residual matrix valorisation |

and integrated assessment of flowsheets
. - + Valorisation of residues from WR1 in applications such as

*  Characterisation of SOCRATCS residues: cements, inorganic Polymers, catalysts

- Elemental compesition - Mineralogical composition

- Distribution of phases - Porosity Maoin goes:

and elements - Oxidation state of metal ions «  Valorisation of the minaral fraction of the residues,
*  Sustainahility assessment of flowsheets through compesing 30-99% ol 1he residues,

simulation-based approach.
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INITIAL MATERIAL

Element Content Mineral

Au 0.21 ppm Pyrite

Fe 3.56 % Pyrrhotite

Cu 0.09 % Chalcopyrite

Co 0.04 % Sphalerite

Ni 0.03% Quartz

Zn 0.04 % Dolomite
Hornblende
Others
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S(OCRATES

EU 1ScA-ETN

Content

1.8 %
2.8%
0.2%
0.07 %
35 %
25 %
22 %
13 %

Gold at the rim of quartz grain
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CHLORIDE LEACHING EXPERIMENTS

NaCl CuCl,/FeCl,
| :

Oxygen

€}
: | [TTTTTTITTITTTTT T :;

§4

3.12.2021 Ivan Korolev

/

k.--.

Titanium Reactor

Au extraction, %
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250g/L  1-2 95 °C 24 h

Altinkaya et al., EMC 2019.

=~ GTK



SOCRATES

GOLD EXTRACTION

Flotation tailings

Refractory ore
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Ferric chloride — 67% Ferric chloride — 93%
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Glycine — 60% Glycine — 89%
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METAL ELECTROWINNING

e Cathodic reaction: Gold electrowinning

e Me" + ne = Me?Y

Mature technology (industrial scale)

Cyanide solutions
« Anodicreactions:

* H,0=2%0,+2H" + 2¢

Gold concentration: 20 - 100 mg/L

Base metal impurities: < ppm level

Overall recovery: 95 - 99%

- Faraday’s law: « Current efficiency: 0.3 - 4.0%

me I * Energy consumption:
M z. F 1 - 100 kWh/kg Au

),
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ELECTRODEPOSITION WITH

REDOX REPLACEMENT (EDRR)
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EDRR RESULTS

Pt electrode

10pm*  SpotSize =430 EHT =15.00 kv Signal A = SE1
—A

WD = 15mm Mag= 250KX A.

t:p=55S,tgg=20s, Ep =-320 mV vs SCE

Recovery: 9.3%
Purity: 52.3%
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t.p=15s, 1., =900s, E.;, =-350 mV vs SCE

Recovery: 94.4%
Purity: 93.7%
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CONTINUOUS PROCESS FOR GOLD RECOVERY
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NaCl
CuCi2
HCI
Fresh water

Lixiviant tank

Outotec OKTOP' Canditicacr

17.2  Lixiviant

Leaching reactor

Washing water

8.29

Dry leach residue
14.2

Filtration unit

Precipitate

Gold recovery, wt.%
Flowsheet product
Pilot test  Process model

Cathode gold 685 843
Leaching residue 12 142
Precipitate 94 -
Washing water 6.4 -
Barren solution 1.9 16

Accountability 97 3 100.0

Precipitation

EDRR cell Off gas

Cathode
84.3

— Barre:r; solution
1.55
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RESULTS OF EDRR MINI-PILOT
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EDRR vs. ELECTROWINNING

Conventional electrowinning EDRR

« Mature technology (industrial scale) <« Developing process (mini-pilot)

« Cyanide solutions Chloride media

* Au concentration: 20 - 100 mg/L
» Gold recovery: 95 - 99%

Au concentration: 0.1 - 2 mg/L

Gold recovery: > 80%

Current efficiency*: 0.01 - 0.5%

« Current efficiency: 0.3 - 4.0%
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CONCLUSIONS

Works in cyanide-free media

One-step process, applied directly after chloride leaching
High purity (>90% Au) of final product is possible

Further optimization is required to increase process efficiency

Suitable for recovery of other (precious) metals present in agueous

solutions even in minor concentrations
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OTHER APPLICATIONS OF EDRR METHOD )
ELMERY

TALS PRECISION

SELECTIVE PRECIOUS METAL

EXTRACTION COLLECTIVE PGM EXTRACTION IMPURITY REMOVAL

AND MONETIZATION R pg it h
Based on years of experience and ¢ plitll ot ettt

_ , Our team analyzes the options tellurium or selenium decreases
peslin STl s T s and helps you decide which grou www.elmery.fi
you can choose a metal to be psy ; group the overall waste amount and . Y.
£ of extracted metals provide the increase the efficiency of the
extracted, for example platinum
best value. main process.

or palladium.
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THANK YOU!

ivan.korolev@gtk.fi
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