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The potential of amino acids in alkaliphilic bioleaching 
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Bioleaching has become a major production process 
for copper contributing currently to around 15 % of 
the world wide copper production. However, non-
sulfidic and/or complex ores are still not efficiently 
minable by conventional methods. In this study, we 
investigated the effect of copper complexing molecules 
such as amino acids on Cu

2+
 and S

2 −
 solubilization 

from covellite. 

Considering the general world-wide trend to mine more 
complex/lower grade copper ores,[1, 2] the need for ad-
vanced, alternative mining technologies is growing. Miner-
als such as Kupferschiefer or other complex ores face nu-
merous problems in acid bioleaching and mineral pro-
cessing.[3, 4] Bioleaching at pH ≥ 6 might be a possible alter-
native for such ores. In this study, we compared the effi-
ciency of acidic (Asp & Glu), neutral (Gln & Asn) and basic 
(His & Arg) amino acids (AA) to solubilize synthetic 
covellite (CuS). In addition, we investigated the sulfide oxi-
dation products formed under alkaline conditions during 
glutamic acid leaching of covellite. 
 
EXPERIMENTAL. Pure solutions of respective amino ac-
ids (68 mM) were mixed with 10 mg of synthetic CuS and 
agitated for seven days. Potassium borate buffer (KBB, 
15 mM, pH 9) was used as a reference solution. Copper 
concentration in the supernatant was determined by ICP-MS 
(ELEMENT XR, Thermo Scientific). Sulfur species were 
determined by ion chromatography (Dionex ICS – 5000, 
Thermo Scientific) equipped with a Dionex IonPac AG11-HC 
column and pre-column (Thermo Scientific) and a conduc-
tivity detector. Analyte separation was performed in gradi-
ent elution mode with NaOH (1 – 50 mM). Flow rate was 
1 mL/min and column temperature was 30 °C. 
 
RESULTS. The efficiency of AA to solubilize covellite 
was investigated at two different pH values (Fig. 1). At 
pH 7, a Cu recovery of 8 – 17 % was achieved, with aspartate 
being the most efficient AA. At pH 9, the efficiency in-
creased especially for acidic AA and arginine, whereas neu-
tral AA and histidine showed only a minor increase in CuS 
solubilization efficiency. This means that under alkaline 
conditions the structure of the AA side chain plays a more 
important role, regarding leaching efficiency than under 
neutral conditions. Consequently, the efficiency is con-
trolled by the type of AA and the pH of the system. In our 
study glutamic acid leaching at pH 9 showed the most prom-
ising results. The dominant sulfide oxidation products were 
identified as thiosulfate and sulfate (Fig. 2). Other interme-
diary sulfur species were formed in only minor amounts. 
Although S2 − is not completely oxidized, around 90 % of its 
oxidation products are water soluble and, thus, are not ex-
pected to form a passivating layer on the mineral surface. In 
conclusion, alkaline glutamic acid solutions seem to be a 
promising lixivant for copper extraction from covellite. 
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Fig. 2: Percentaged distribution of sulfur species formed after seven 
days of CuS leaching with glutamic acid at pH 9. 

Fig. 1: Cu recovery in CuS leaching experiments at pH 7 and 9 after 
seven days. 
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