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Introduction to alkaline glycine leach technology

• The Gold Technology Group, associated with the Western Australian School of 
Mines at Curtin University has developed and patented (pending) at technology 
using amino acids, of which glycine is the simplest, in an alkaline environment 
to leach copper, silver and gold (and a few other base/precious metals) from 
their ores, concentrates, tailings, wastes and process intermediates.

• It is the only known benign alkaline leach system which allows the 
simultaneous leaching of copper and precious metals an can be applied to 
minerals throughout the geometallurgical spectrum associated with Cu and Cu-
Au-Ag deposits. 

• Conditions for leaching are mild (20°C-60°C, atmospheric pressure).



Glycine & Amino Acids
• Amino Acids are the building block of all proteins - about 500 different types of Amino 

Acids in nature.

• Simpler amino acids are produced in bulk quantities and available at low prices.

• Glycine is simplest amino acid (amino acetic acid).

• Sweet tasting (edible), non-toxic, occurs in human body. 

• The key potential use of glycine is in the selective leaching of base and precious metals 

from polymetallic deposits (e.g. copper-gold deposits).

Black: Carbon
White-grey: Hydrogen
Blue: Nitrogen
Red: Oxygen



Geometallurgical Variation in Copper-Gold Deposits

• Copper and copper-gold deposits are well know or their geometallurgical variation 
throughout the orebody. Excluding known hardness variation, the mineralogical 
variation and the impacts on leaching and mineral processing are very high.

• The upper oxide zone has reactive copper oxides, associated with acid consuming 
gangue, and cyanide soluble copper species. High clay concentrations occurs 
frequently. Precious metal leaching is often prohibitively expensive (using 
conventional routes).

• The supergene enrichment zone contains secondary copper sulfides which are 
cyanide soluble (very high cyanide consumers), but flotation response is often poor 
due to rapid surface oxidation.

• The hypogene zone may have gold-bearing pyrite finely inter-grown with chalcopyrite 
an enargite making it challenging to separate the minerals in a float circuit. 

• There is no conventional process options that can deal with all the zones using a 
similar (chemical) approach.



Copper Mineral Deportment in an Ore Deposit



Hydrothermal alteration zones in porphyry copper deposits

From: Greg Corbett, 
“Geological Models in 
Epithermal-Porphyry 
Exploration:
Terry Leach’s Legacy”



Hydrothermal (future) gold ore deposits
• Sedimentary ~ 20%, Hydrothermal ~80%

• Table below gives breakdown of hydrothermal gold ores

Deposit Average 

Size

Known

Resources2010

Estimated/Modelled Resources 

and Depth  (% of deposits)

Type Moz (%) <1 km <3 km

Epithermal* 1.1 18.2 31.8 24.0

Orogenic 4.9 34.1 5.8 2.3

Cu-Porphyry* 5.2 29.8 42.8 55.9

Skarn* 1.1 3.1 8.7 11.4

VMS* 0.7 7.7 7.9 2.6

Carlin Type 1.8 4.2 2.7 3.6

IOCG* 3.1 2.8 0.2 0.2

Kesler & Wilkinson, 2010
* Polymetallic base-precious metals deposits 



Conventional processing approaches for copper-gold ores

• Gold ores with nuisance copper levels (oxide ores):

– High cyanide addition, high pH, significant WAD CN 
production.

• Gold ores with economically recoverable copper (oxide ores)

– Acid (heap) leach followed by cyanidation.

• Economically recoverable base metals (sulfide ores)

– Mill/Grind followed by flotation and cyanidation of flotation 
tailings. Flotation concentrate is smelted.

– Heap bioleaching of low grade copper sulfides followed by 
cyanide leaching. 



Process challenges with conventional processes (1)

Nuisance copper levels (oxide ores):

• High cyanide addition to complex 
base metals

• High pH required

• Significant WAD cyanide production

• High detox costs

• Base metals compete with gold in 
adsorption

• Challenges in gold elution and 
electrowinning

• Smelting of copper bearing gravity 
gold concentrates



Process challenges with conventional processes (2)
Recoverable copper (oxide ores) by acid (heap) 
leach followed by cyanidation:

• pH-swing & neutralisation costs

• Silica gels formed by phyllosilicates 
(chlorites/vermiculite)

• High acid consumption with acid consuming 
gangue

• Significant slumping for heap leach processes

• Dissolution of iron and valueless metals

• High residual base metals

• Competitive adsorption

• Sulfides from transitional domains in the 
deposit  

• High CN consumption after acid leaching (>10 
kg/ton)

• Water balance challenges



Process challenges with conventional processes (3)

Economically recoverable copper (sulfide ores)

Mill/Grind followed by flotation and cyanidation of 
flotation tailings. Flotation concentrate is smelted:

• Energy costs associated with fine grind, low grade

• Smelter constraints (dirty concentrates):

– Deleterious elements (As, Hg, Fluoride, Chloride, 
Mg) constraints for dirty concentrates

– Grade specifications leading to poorer recoveries

– Biased sampling of fine floated free gold in trucks

– Transport costs associated with transporting low 
grade concentrates

– Mass pull constraints leading to lower metal units 
to concentrate

• High residual base metals in float tails

– Often non-sulfide base metals, highly cyanide 
soluble, high WAD generation



Process challenges with conventional processes (4)
Economically recoverable levels of copper (sulfide ores)

– Heap Bioleach of low grade base metal sulfide deposits:

• Low base metal extraction

• Elemental sulfur formation

– Passivates gold/silver

– Consumes cyanide to form thiocyanate

• Silica gels formation

• Iron partially dissolves or forms jarosite (which locks up silver).

• Neutralisation costs

• High residual base metal content impacting cyanide 
consumption during subsequent cyanidation

• Acid consuming gangue is problematic



Why glycine alkaline pH?
Non-toxic (edible) Crystalline, Non-volatile, MP 

(with decomposition): 233°C

Reagent Cost ~USD1.75/kg

Non-flammable Non-oxidising/reducing Very water soluble (250g/L)

Stable over wide 

temperature, pH an Eh range

Can be synergistic with 

cyanide: accelerated Au leach 

rates

High adsorption of Au, Ag onto 

activated carbon.

Ease of AARL-type elution

No interaction with acid 

consuming gangue

Application to various 

leaching modes (ISL, Heap, 

vat, tank)

Cheap materials of construction 

(mild steel)

Selective over non-sulfide 

gangue minerals

No transport, logistics, or 

trade restrictions

Ease of base metals removal / 

recovery

Operated under dilute and 

concentrated modes

Easy reagent recovery, recycle 

and reuse

High affinity for Au, Ag,  Cu, Zn, 

Pb, Pd, Cd, Ni, Co

pKa: 2.35; and 9.78 Cu- glycinate good oxidant No pH swings, Simple chemistry

Insignificant Fe, Mn, Cr, Mg, 

Al, Si dissolution

No elemental sulfur, no silica 

gels, no jarosites

Pyrite not dissolved



Some Comments on Mineralogy
• Soluble copper oxide minerals:

– Cuprite, tenorite, malachite, azurite, atacamite, antlerite

• Soluble copper minerals that require oxidation

– Native copper, chalcocite, covelite, bornite, chalcopyrite, 
enargite, tetrahedrite, tennantite

• Poorly soluble copper minerals (<20% Cu extraction):

– Chrysocolla, Cupro-goethite 

• Gold, electrum, acanthite/argentite are leachable

• Palladium (more so) and platinum (less so) are leachable

• The native metals and sulfide and oxide minerals of Zn, Pb, Ni 
and Co are leachable as long as they are not mineralised as 
silicates or in solid solution with goethite, magnetite, or 
hematite 



Alkaline Glycine Only 

(No Cyanide)



Effect of pH on Pure Gold Leaching with Glycine

0.5M glycine, 1% H2O2, pH, and 60 C

Leach 

Time, hr

Au, 103 x µmol/m2.s

pH 5.8 pH 10 pH 11

24 8.11 0.59 352

29 8.75 1.30 367

48 5.13 11.47 322

119 4.19 14.34 174

167 3.02 16.93 142

1 µmolAu/m2.s ≈ 0.71 g/m2.h 

(with area interpreted per m2 exposed gold surface) 



Effect of Silver on Electrum Leaching with Glycine

1M Glycine, 1% H2O2, pH 10, 
60 C

Au, Ag Source Au, 103 x µmol/m2.s

Gold from (pure gold sheet) 31.3

Gold (from 50% Au- 50% Ag) 185

Silver (from 50% Au- 50% Ag) 247



Gold leaching (in the absence of cyanide) is accelerated by:

• Higher temperature (20 →60°C)

• Increased oxidant concentration (O2 as DO, or H2O2)

• Increasing glycine concentration

• Improved agitation

• Presence of silver (electrum)

• Presence of Cu2+

• Presence of activated carbon (CIL)?



Adsorption of Au and Ag glycinates 
onto activated carbon

Plot of Log (∆[Me]c/[Me]s) against Log (t) for 4 hours 

(1 M Glycine; pH 10, T=25 °C;  Activated Carbon 1.5 g/L) 

[13.2 kgAu/ton carbon; 8.89 kgAg/ton carbon in 4 hours]

Time min [Au] mg/L

0 38.70

30 24.60

96 15.82

180 12.08

240 10.26

Time min [Ag] mg/L

0 56.1

30 48.1

96 42.7

180 39.1

240 37.0



Adsorption of Au glycinate onto activated carbon

Plot of Log (∆[Me]c/[Me]s) against Log (t) for 4 hours  
(0.5 M Glycine; pH 10, Temp=25 °C;  Activated Carbon 
1.0 g/L) 

[Loading of 6.7 kgAu/ton carbon in 4 hours]



Cyanide Catalysed 
Glycine



Cyanide catalysed glycine leaching of Cu-Au

• Often the use of small amounts of cyanide is not problematic, but the 

generation of large quantities of WAD cyanide is costly to treat.

• Cyanide recovery is hard due to the formation of ferrocyanide, cyanate, 

HCN, thiocyanate and WAD cyanides, making cyanide recovery unfeasible.  

• Glycine is simple to recover and reuse where irrecoverable by-products are 
eliminated.

• Glycine “protects” the copper from cyanide by forming the preferred 
complex. 



Synergy of cyanide leaching of gold in the presence 
of Cu2+ ions and glycine

Gold dissolution versus leaching time in solutions containing: (a) 11 mM free cyanide and (b) 
5.5 mM Cu, 11 mM CN-, 1 g/L (13.3 mM) glycine at pH 11. 5



Experimental
• Purity: AR Grade, Deionised Water

• Particle Size: P100 – 75 m

• Experiments Conducted using:

-Room Temperature (RT)

-2.5 L Bottle rolls (BR) open to atmosphere

- 150 RPM rotation speed

• Variables: Glycine & Cyanide Concentration, pH

• Solution assay by AAS

• Solid assay by XRF and Fire Assay

• **Conditions can be optimised by O2 injection, maintenance of DO, 
increased temperature, improved agitation, grind



Results– Gold (Oxide Ore with Nuisance Cu) 

Leaching gold from gold-copper oxides. (BR, RT, P100 = -75 m, 50% 

Solids,12.5 g/t Au and 0.04% Cu)



Results– Gold-Pyrite-Chalcopyrite Ore 

Leaching gold from gold-copper sulfides. (BR, RT, P100 = -75 m, 

50% Solids, 0.68 g/t Au and 0.15% Cu)



Results– Gold-Pyrite-Chalcopyrite Ore

Leaching copper from gold-copper sulfides. (BR, RT, P100 = -75 m, 

50% Solids, 0.68 g/t Au and 0.15% Cu)



Results– Gold-Copper Gravity Concentrate 

Mineral Wt, % Mineral Wt, %

Chalcocite/Digenite 0.4 Arsenopyrite 0.00

Cu-metal 0.3 Quartz 87.1

Cuprite 0.2 Feldspar 1.3

Chalcopyrite 0.2 Calcite <0.1

Bornite 0.1 Dolomite 0.00

Covellite <0.1 Ankerite/Dolomite 0.2

Exotic complex Cu-

sulfides
<0.1 Rutile/Anatase 0.1

Cu boundaries 0.1 Hematite 0.2

Pyrite 7.1 Goethite 0.7

Pyrrhotite 0.1 Others 1.8

The mineralogical analysis of copper and gangue minerals of the studied 

copper-gold gravity concentrate (after dilution with silica):



Results– Gold-Copper Concentrate (Cyanide Only) 

Au, Ag and Cu extraction from Au-Cu 

gravity concentrate 

(BR, RT, P100 = -75 m, 50% Solids, 

47.5 g/t Au and 0.08% Cu)
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Au, Ag and Cu extraction from Au-Cu 

gravity concentrate 

(BR, RT, P100 = -75 m, 50% Solids, 

47.5 g/t Au and 0.08% Cu, 800 ppm 

CN- background)
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Results– Gold-Copper Concentrate (Glycine-Cyanide) 



Concept CIP (Glycine-Cyanide) with Gly/CN return

Precipitated CuS 
follows solid tails



Copper Leaching 
with Alkaline Glycine



Leaching of copper ores and concentrates



ACID CONSUMPTION TO COMPLETE DISSOLUTION OF MAJOR MINERAL PARTICLES 
FOR GRAIN SIZE <0.1 mm AND 10 g/L SULPHURIC ACID

Mineral Formula

Specific acid consumption, 

kg/t
Time for complete 

dissolution
1 day 250 days

Albite 𝐍𝐚[𝐀𝐥𝐒𝐢𝟑𝐎𝟖] 0.3 1.6 100-150 years

Microcline 𝐊[𝐀𝐥𝐒𝐢𝟑𝐎𝟖] 0.6 0.2 100-150 years

Muscovite 𝐊𝐀𝐥𝟐(𝐎𝐇)𝟐. [𝐀𝐥𝐒𝐢𝟑 𝐎𝟏𝟎] 1.6 7.0 about 100 years

Biotite 𝐊(𝐌𝐠, 𝐅𝐞)𝟐. [𝐀𝐥𝐒𝐢𝟑 𝐎𝟏𝟎]. (𝐎𝐇, 𝐅)𝟐 20.1 140.2 2-8 years

Vermiculite

(hydromica)

𝐌𝐠,𝐀𝐥, 𝐅𝐞 𝟑. 𝐎𝐇 𝟐

[(𝐒𝐢, 𝐀𝐥)𝟒𝐎𝟏𝟎]. 𝟒𝐇𝟐𝐎
39.3 247.2 2-8 years

Kaolinite 𝐀𝐥,𝟒 (𝐎𝐇)𝟖[𝐒𝐢𝟒𝐎𝟏𝟎] 2.6 23.7 30-50 years

Montmorillonite 𝐂𝐚, 𝐍𝐚 𝐌𝐠, 𝐀𝐥, 𝐅𝐞 𝟐

. (𝐎𝐇)𝟐 [(𝐒𝐢, 𝐀𝐥)𝟒𝐎𝟏𝟎]. 𝐧𝐇𝟐𝐎
15.7 64.2 10-20 years

Chlorite 𝐌𝐠, 𝐅𝐞 𝟑−𝐧 𝐀𝐥, 𝐅𝐞𝟑+
𝐧

/𝐎𝐇/𝟒𝐀𝐥𝐧𝐒𝐢𝟐−𝐧𝐎𝟓 (𝐧 = 𝟎. 𝟑 − 𝟏)
18.9 138.9

from 1 day to 7-8 

years

Pyrite 𝐅𝐞𝐒𝟐 2.5 2.8

Calcite 𝐂𝐚𝐂𝐨𝟑 930 998 1-10 days

Dolomite 𝐂𝐚(𝐌𝐠)[𝐂𝐎𝟑]𝟐 980 1065 up to 10days

Ankerite 𝐂𝐚(𝐌𝐠, 𝐅𝐞)[𝐂𝐎𝟑]𝟐 940 1026 3-8 days

Siderite 𝐅𝐞𝐂𝐎𝟑 262 920 8-10 days

Magnesite 𝐌𝐠𝐂𝐎𝟑 114 1149 3-4 months

Limonite 𝐅𝐞𝟐𝐎𝟑. 𝐧𝐇𝟐𝐎(𝐧 = 𝟏 − 𝟒) 1-7 months



Cu-NH3 vs Cu-Glycine

Cu-NH3 Cu- Glycine



Leaching of Copper Oxides & Sulfides: 
Examples



Quantitative XRD of Minerals Samples Used (Oxides)

Phase
Weight %

Azurite Chrysocolla Cuprite Malachite

Azurite 65.0 - - -

Chrysocolla - 59.2 - -

Cuprite - - 22.6 -

Dolomite - - 62.1 -

Goethite - - 0.5 1.7

Kaolinite 3.4 6.0 - 3.3

Malachite - - - 66.0

Muscovite 6.2 26.3 - -

Quartz 7.4 6.7 1.0 16.7

Rutile - 1.8 - -

Amorphous Content 18 - 27 12.1



Elemental assay of mineral samples used

Mineral/
element

Cu (%) Al (%) Si (%) K (%)
Zn 

(ppm)
Ti (%) Mg (%) Fe (%) Ca (%)

Chrysocolla 24.0 2.96 21.6 1.4 - 0.13 0.41 - -

Malachite 41.55 0.13 8.49 0.1 - - - 3.53 -

Azurite 42.1 1.91 6.41 0.6 50 - - - -

Cuprite 20.09 - 0.52 - - - 9.56 1.91 16



Comparison of Cu oxide mineral leaching

Copper Extraction from copper oxide minerals: Gly: Cu=4:1,
pH=11, Bottle roll at room temperature



Chalcopyrite Leaching in a Glycine Environment

Direct Leach (without alkaline peroxidation):

• 2CuFeS2(s) + 4 NH2CH2COO -(aq) + 8.5O2(aq) + 4OH - (aq) 

Chalcopyrite +   glycinate anion  + oxygen      + hydroxyl (from caustic)

 2Cu(NH2CH2COO)2(aq) + 2FeO(OH) + 4SO4
2-(aq) + H2O(l)

Copper glycinate            + goethite  + sulfate anions + water

Leaching following atmospheric alkaline peroxidation (2 step process)

• CuFeS2(s) + 5O2(g) + OH - (aq)  CuO(s) + FeO(OH) (s) + 2SO4
2-(aq)

• CuO(s) + 2 NH2CH2COOH(aq)  Cu(NH2CH2COO)2(aq) + 2H2O(l)



Low Grade Chalcopyrite Sample Mineralogy and Assay

Quantitative XRD analysis

Phase Chabazite Chalcopyrite Clinochlore Pyrite Quartz Rutile Amorphous

Weight ,% 0.8 35.0 1.5 29.4 0.9 0.4 32.0

Element As Ca Cu Fe Mg Pb Si S Zn

% 0.71 0.31 14.8 30.9 1.08 0.29 3.64 32.40 4.95

Elemental Analysis



Ground Chalcopyrite Leaching: Effect of Glycine - Copper Ratio
Ambient Temperature, Bottle Roll, P80 = 75μm

Copper Extraction from Chalcopyrite: Gly:Cu, pH=11



Gly:Cu ratio fixed at 4:1 (double stoichiometric)

Ground Chalcopyrite Leaching: Effect of pH
Ambient Temperature, Bottle Roll, P80 = 75μm



Limitations of Base Metals Leach in Conventional Bottle Roll

• Limited oxidation possible (only air via neck of bottle)

• Batch nature implies that reactants get consumed to form products (glycine and 
hydroxyl anions)

• Equilibrium concentrations may be reached in batch bottle rolls, whereas in a real 
system, continuous product withdrawal and reagent addition forces leaching 
reactions 

• Temperature cannot be increased 

• Bottle rolls are good for rapid scanning of conditions, not for process setpoint 
determination or optimisation.

• Maintenance of steady state across tanks-in-series is conducive to good leaching 



Oxide minerals: Cu extraction using alkaline 
glycine/glycinate

Minerals
Copper extracted, %

24 hours 48 hours

Azurite 94.2 96.83

Malachite 91.7 92.30

Cuprite 84.5 90.88

Chrysocolla 18.70 20.3



Chalcopyrite Concentrate Leaching
Roll of ultrafine grinding and atmospheric pressure pre-oxidation with 
alkaline glycine leaching.

At slightly elevated temperatures (60C)  one can leach chalcopyrite 
flotation concentrates either: 

• “as is” (P100 = - 45m) or;

• with ultrafine grinding (P100 = - 10m) and alkaline pre-oxidation.



Effect of ultrafine grinding of concentrates + preoxidation 
with alkaline glycine leaching op chalcopyrite 

Copper extraction and pH changes during 
leaching “as-received” chalcopyrite 
concentrate (100% -45 µm)

Copper extraction and pH changes during 
leaching chalcopyrite concentrate after 
ultrafine grinding (100% -10 µm), after 
pre-oxygenation preconditioning

“As-is” 
Conc.

UFG 
Conc.



Base Metal Recovery from Solution: Precipitation 

Precipitation by NaSH Addition

The copper was successfully recovered up to 99.1% as covelite, 
CuS Cu:S2- molar ratio of 1:1 with less than 10 minutes contact 
time as shown in the following Table.

Cu to S2- molar ratio % Cu precipitated

1 to 1 99.1

1 to 0.75 77.8

Copper precipitations at different copper to sulfide molar ratio



Recovery by Solvent Extraction

Solvent extraction (SX) experiments show that copper glycinate can 
be easily extracted from the alkaline aqueous medium using either of 
the extractants Mextral® 54-100 and Mextral® 84H.

Copper deportment during single stage solvent extraction and stripping

Extractant
% Copper 

Extracted

% Copper 

Stripped

Mextral 84H 99.7 97.7

Mextral 54-

100
98.6

100

Base Metal Recovery from Solution: Solvent Extraction 



Sulfur speciation during/after chalcopyrite 
leaching with alkaline glycine

Sample ID mg/L % of total S

Sulfate 1142 89.8

Sulfite 74.0 7.2

Thiosulfate 22.2 3.0

Sulfide < 0.1 -



A possible conceptual flowsheet for chalcopyrite flotation concentrate leaching 

process in alkaline glycine solutions with UFG and atm. pre-ox.



Conclusions
• Au, Ag, and Cu from oxide, native Cu and sulfides have been 

shown to leach in alkaline glycine.

• Au and Ag can be recovered from solution using activated carbon

• Cu can be recovered using NaSH precipitation, SX-EW or IX-EW

• Ore and concentrates (and tailings, slags and mattes) can be 
leached

• Glycine is easily recovered and follows aqueous effluent → 

It requires solid-liquid separation for glycine (and water) recovery

• Glycine leaching of Au, Ag and Cu-Ag-Au ore and concentrates is 
strongly catalysed by the presence of small amounts of cyanide

• 2 Patents covering glycine / amino acid leaching (with various 
catalysts) of Au, Ag, PGMs, Cu, Ni, Co, Pb, Zn, Cd 



Conclusions (Continued)
• Leach system has insignificant interaction with gangue

• Fe, Mn, Si, Al, Cr, Mg dissolution insignificant at  9 < pH < 12

• Sulfides converts to sulfates, arsenides to arsenites

• If arsenic is present, a bleed stream from recycle needs to be treated for 
As-fixing.

• Sulfate-sulfur (from sulfide concentrates) can be removed as gypsum

• In cyanide catalysed glycine leach systems, WAD cyanide formation is 
minimised by formation of base metal glycinate complexes

• The economics of glycine recovery incentivises dry tailings disposal 
(water recovery).

• Salinity (sodium chloride) does not affect the alkaline glycine leach in 
any significant way

• Simple, standard and low cost equipment can be used with low cost 
materials of construction


