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A B S T R A C T

The fundamental electrochemical properties of the copper-glycine system were investigated in this study to
understand the factors that affect the dissolution of metallic copper. Potentiodynamic polarisation measurements
were carried out over the pH range 9.0 to 11.5, at temperatures of 22 °C and 60 °C and glycine concentrations
0.1 M and 0.3 M. A window for maximum corrosion current was determined to be between pH 10.0 and 10.5
with a maximum at 60 °C and 0.3 M glycine. Passivation was only observed at pH values > 10.5, and then only at
potentials above 0.4 V (vs SHE) for quiescent solutions. This passivation potential increased with the rotation
speed of the copper electrode. The passive layer broke down after a short rest at the open circuit potential, which
allowed reactivation of the surface and high initial currents to briefly flow until the layer re-formed. Potential-
step and capacitance measurements are consistent with the formation of a duplex oxide layer of Cu2O and CuO
that thickens with increasing potential. The copper glycinate complex itself also acts as an oxidising agent, the
effectiveness is increased with its concentration and the concentration of free glycine. Free glycine is oxidised
irreversibly above 1.2 V (vs SHE).

1. Introduction

The application of glycine as a complexing agent in the alkaline
leaching of copper minerals is currently being investigated at Curtin
University and elsewhere with an emphasis on copper-gold ores
(Eksteen et al., 2017; Nicol, 2017a; Oraby and Eksteen, 2015; Perea and
Restrepo, 2018; Tanda et al., 2017). Glycine has not yet been used in an
industrial leaching operation, and little research has been carried out
on fundamental electrochemical properties in a metallurgical context.
The simplest system for the initial study presented here is metallic
(native) copper and will be used as a foundation study for more com-
plex mineral-glycine systems.

Although native copper is relatively rare as an ore mineral, its
electrochemical properties are still of interest in extractive metallurgy
for the recovery of copper from converter slag, electronic waste and
from its occurrence in supergene sulfide and oxide deposits. These
leaching operations are typically carried out at acidic pH, due to the
low solubility of copper at neutral and alkaline pH in the absence of a
complexing agent (Altundoǧan and Tümen, 1997; Cui and Zhang, 2008;
Schlesinger et al., 2011). The dissolution of native copper is also well
known in alkaline environments, where it forms complexes with cya-
nide in gold operations with consequent financial and environmental
penalties.

Ammonia is another well-known example of a complexing agent for

copper leaching at alkaline pH (Arbiter and McNulty, 1999; Reilly and
Scott, 1977; Stanczyk and Rampacek, 1966; Warren and Wadsworth,
1984). It is yet to be proven financially viable for copper leaching,
particularly for open-air applications where losses due to volatility
render the process unfeasible (Dutrizac, 1981; Nicol, 2017a). Volatile
losses are also a problem in other industries where copper dissolution is
important, such as in the preparation of integrated circuits. This has
prompted fundamental studies into many alternative complexing agents
such as glycine and other amino acids (Aksu and Doyle, 2001; Drissi-
Daoudi et al., 2003; Halpern et al., 1959; Keenan et al., 1976). These
studies did not explore in depth the conditions that enhance copper
dissolution for a metallurgical application such as the effects of tem-
perature or the higher concentrations of glycine expected to be used in
a copper leaching environment. This study will address these gaps, as
well as the relevance of passivation, detail of the anodic and cathodic
reactions, the effect of copper (II) and surface analysis with Raman
spectroscopy.

1.1. Properties of glycine

Like other amino acids, glycine is an amphoteric molecule. Its
neutral form is the zwitterion, which has a positive charge on the amine
group and a negative charge on the carboxyl group to give an overall
neutral charge. It can gain a proton to form a cation or lose a proton by
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reaction with hydroxyl to form an anion as shown in Eq. (1)
(Streitwieser and Heathcock, 1985).

For the purpose of this study, the term “glycine” will refer to the
sum of the zwitterion and glycinate anion in solution. The terms
“zwitterion” and “glycinate” will refer to these species specifically.
Glycinium was not present at the alkaline pH used for this study.

Several authors report that the glycinate anion concentration is
strongly correlated to copper dissolution at alkaline pH (Aksu and
Doyle, 2001; Halpern et al., 1959; Keenan et al., 1976; Pearlmutter and
Stuehr, 1968). The ratio of glycinate to zwitterion increases with pH
and is determined from the pKa and pH as shown by Eq. (2). The gly-
cinate form dominates when the pH is greater than the pKa of 9.8.

=log{Gly }/{HGly} pH pKa (2)

Where: “HGly” designates the glycine zwitterion and “Gly−” the
glycinate anion.

Experimental data indicate that the pKa of glycine decreases line-
arly with increasing temperature, it is 9.8 at 25 °C and 9.0 at 60 °C (Izatt
et al., 1992). The variation of the glycinate mole fraction with pH for
different temperatures according to Eq. (1) is shown in Fig. 1. Higher
temperatures and pH are favourable for the glycinate ion formation.

1.2. Glycine reactions with copper

The thermodynamics of the copper-glycine system are extensively
described in the literature (Aksu and Doyle, 2001; Patri et al., 2006;
Tamilmani et al., 2002). The essential aspects as applied to the me-
tallurgical leaching of copper are described in this section. The half-
reactions for copper dissolution are shown in Eqs. (3) and (4).

+ ++O 4H 4e 2H O2 2 (3)

+ +Cu 2NH CH COO Cu(NH CH COO) 2e2 2 2 2 2 (4)

Combining these equations results in the overall reaction for copper
dissolution according to Eq. (5).

+ + + ++Cu 2NH CH COO 0.5 O 2H Cu(NH CH COO) H O2 2 2 2 2 2 2

(5)

Changes in pH at the copper surface resulting from Eq. (5) can be

countered by the buffering action of excess zwitterion in solution, as per
Eq. (1). At low zwitterion concentrations where buffering capability is

limited, equilibrium between copper oxides and copper glycinate can
be established as in Eqs. (6) and (7).

+ + ++Cu(NH CH COO) H O CuO 2H 2NH CH COO2 2 2 2 2 2 (6)

+ + + ++2Cu(NH CH COO) 2H O 2e Cu O 2H 4NH CH COO2 2 2 2 2 2 2

(7)

At pH values > 11, the zwitterion concentration effectively reduces
to zero as shown in Fig. 1. Above this pH, the ability to buffer the so-
lution is lost and the equilibria of Eqs. (6) and (7) are driven to the right
to favour CuO and Cu2O. These species occupy and block active surface
sites and will slow the dissolution of copper. They are insoluble and
may thicken and eventually passivate the copper surface as a duplex
layer through a complex series of nucleation and precipitation steps (De
Chialvo et al., 1984; Kunze et al., 2004; Speckmann et al., 1985;
Strehblow et al., 2001). When glycinate is in excess over copper in
solution, copper (II) glycinate can be reduced to copper (I) glycinate as
per Eq. (8) with a standard reduction potential of −0.167 V (vs SHE)
(Aksu and Doyle, 2001; Drissi-Daoudi et al., 2003; Tamilmani et al.,
2002). Metallic copper at the surface is oxidised in the process.

+Cu(NH CH COO) e Cu(NH CH COO)2 2 2 2 2 2 (8)

This cuprous species can be oxidised back to copper (II) glycinate by
oxygen in solution and is then available for further oxidation of the
copper surface. This process has the potential to enhance copper dis-
solution and is well known as autocatalytic corrosion (Habashi, 1965).

Temperature also has a major effect as can be seen in the Pourbaix
diagrams for 25 °C and 60 °C as shown in Fig. 2. These were created
from the thermodynamic database within Outotec HSC Chemistry
software (HSC Chemistry Version 8.1.4, 2015). At higher temperatures,
the stability region for copper glycinate contracts considerably. While
this is unfavourable for leaching, it is countered to a degree by the
lowering of the pKa to 9.0 for glycine/glycinate, making high-tem-
perature leaching feasible at lower pH.

1.3. Passivation

Passivation of metals occurs as a direct oxidation of the metal sur-
face in the absence of acid or a complexing agent (Habashi, 1965). In
the case of copper metal, the passivating species has been shown to be a
duplex layer of CuO and Cu2O (De Chialvo et al., 1984; Kunze et al.,
2004; Speckmann et al., 1985; Strehblow et al., 2001). In the presence
of a complexing agent such as glycine, the effect of copper passivation is
minimised, but has been shown to occur at pH values > 11 with a
passivation potential dependent on glycine concentration (Aksu and
Doyle, 2001; Skrypnikova et al., 2008; Tripathi et al., 2009). These
studies were conducted with a glycine concentration < 0.1 M, but for
metallurgical applications, the passivation effect needs to be in-
vestigated in quiescent solutions and at higher concentrations of glycine
that are expected for a leaching process (Eksteen et al., 2017; Oraby and
Eksteen, 2014). This research will also provide a background for future
studies on the passivation of copper minerals, which are sometimesFig. 1. Variation of the glycinate ion mole fraction with pH at 25 °C and 60 °C.
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claimed to behave as metal with a passivating oxide layer (Nicol,
2017b).

1.4. Oxidation of glycine

The oxidation of complexing agents as a side reaction has been a
topic of interest in the electrochemical study of some metal-ligand
systems, particularly for gold-thiosulfate (Breuer and Jeffrey, 2002;
Zhang and Nicol, 2003). These side reactions can yield a significant
current response resulting in an overestimation of the corrosion current
(icorr) in electrochemical studies. From a practical standpoint if the
complexing agent is consumed it raises the costs of an operation by
reducing the ability to recycle the reagent (Konishi et al., 1991). For the
glycine system, oxidation reportedly occurs at relatively high potentials
of around 1.0 to 1.3 V (vs SHE) at pH values of 12 to 13 (Marangoni
et al., 1989; Ogura et al., 1998; Skrypnikova et al., 2011). The oxidation
products of glycine are reported to be formaldehyde, ammonia and
carbon dioxide as shown in Eq. (9):

+ + + +CH (NH )COO OH CH O NH CO 2e2 2 2 3 2 (9)

It is important to acknowledge this reaction if oxidising agents are
to be considered at an industrial scale.

The processes described in the preceding paragraphs were in-
vestigated with several electrochemical techniques. Trends with tem-
perature, pH and glycine concentration were established with po-
tentiodynamic polarisation. Detail of the half-reactions was studied by
isolating the anodic and cathodic branches and comparing them in the
form of an Evans diagram. Passivation was investigated with linear
sweep polarisation, chronoamperometry and staircase potential step
capacitance methods. The oxidation of glycine was studied on a glassy
carbon electrode using cyclic voltammetry.

2. Experimental

2.1. Potentiodynamic polarisation

All electrochemical tests were carried out using a Bio-logic VMP3
potentiostat. The working electrode was a static copper (99.99%)
sample embedded in epoxy resin with an exposed surface area of
1.16 cm2. Test solutions were made from analytical grade glycine (99%,
Sigma Aldrich) and sodium hydroxide (98%, Sigma Aldrich) using Mili-
Q deionised water with a resistivity of 18.2 MΩ.cm.

The working electrode was progressively polished to 1200 grit SiC
paper, washed and immediately placed in the test solution. For these

experiments the solution was agitated with a magnetic stirrer, the speed
was adjusted by manual control to 600 rpm and the temperature ad-
justed to target within ± 1 °C accuracy.

The experiments were carried out in a three-electrode electro-
chemical cell with a working volume of 150 mL. The reference elec-
trode was single junction Ag/AgCl (3.5 M) held in a Luggin capillary
placed close to the working electrode to minimize any error due to iR
drop. The same distance was maintained between the reference and
working electrodes for all tests. The counter electrode was platinum-
coated titanium mesh or Hastelloy C.

Potentiodynamic polarisation tests were conducted ten minutes
after immersion of the working electrode in the test solution to allow
stabilisation of the open circuit potential (OCP). A potential range
of ± 0.250 V vs. the OCP at a sweep rate of 0.1667 mV/s was employed
(ASTM, 2014). The corrosion current, icorr was estimated from the
linear polarisation resistance at ± 25 mV from the OCP, using the Stern
– Geary relationship shown in Eq. (10):

=
+

i a. c
2.303( a c)Rcorr

p (10)

where βa and βc are the anodic and cathodic Tafel slopes and Rp is the
polarisation resistance. Tafel slopes of 0.12 V were used in this study
based on a charge transfer coefficient of 0.5 for typical metal solution
interfaces (Crundwell, 2013; Free, 2013). This approach has been
shown to be useful for screening experiments to reveal trends in cor-
rosion and extractive metallurgy (Silverman, 2011).

Confidence intervals were determined according to Eq. (11)
(Napier-Munn, 2014).

= ±CI t s
n (11)

Where CI is the confidence interval, s is the sample standard de-
viation, t is the t-value for a 95% confidence interval and n is the
sample size.

The variation in passivation behaviour with pH was measured with
the same cell arrangement as the potentiodynamic polarisation tests.
The scan was started at the OCP, with a scan rate of 1 mV/s and ter-
minated at 1.05 V (vs SHE) in quiescent solutions. The effect of disk
rotation on passivation was measured at pH 12 with the setup described
in the next section.

2.2. Evans diagrams and diffusion study

A rotating copper disk electrode with an area of 0.3 cm2 was used

Fig. 2. Eh-pH diagrams for the copper-glycine system at 25 °C (left) and 60 °C (right). The stability region of copper glycinate and the glycinate anion is highlighted.
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with a larger cell of 500 mL in order to accommodate the rotation
mechanism for these experiments. For the anodic scans, the solution
was sparged with 99.99% nitrogen for 1 h prior to testing to remove
dissolved oxygen. The scan was then carried out under a nitrogen at-
mosphere. For the cathodic scan, the solution was sparged with air for
30 min to achieve a constant dissolved oxygen level of 8.6 ± 0.2 ppm
for all tests. 0.1 M sodium sulfate (> 99%, Sigma Aldrich) was used as a
supporting electrolyte to boost the solution conductivity for the
cathodic scans and to counter the effects of ion migration (Luo et al.,
1997; Prasanna Venkatesh and Ramanathan, 2010). Copper glycinate
reduction was analysed by dissolving copper sulfate in glycine solu-
tions. Separate anodic and cathodic scans were carried out starting from
the OCP at a scan rate of 1 mVs−1. The anodic scan terminated at
0.100 V with respect to the OCP, the cathodic scan terminated at
−0.500 V with respect to the OCP.

2.3. Staircase potential sweep and capacitance

A staircase potential sweep measurement was carried out with 40
steps from the OCP to 1.0 V (vs SHE). Each step was held for 20 min
with the current recorded, followed by capacitance measurements at 1
to 100 kHz with a sinus amplitude of 17 mV. Capacitance measure-
ments recorded with a frequency of 1 kHz are reported here.

2.4. Raman spectroscopy and infrared spectroscopy (IR)

A Labram 1B dispersive Raman spectrometer with a 632.817 nm
source and 2 mW power was used to determine the presence of surface
species. IR spectra were collected with a Nicolet iN10 MX infrared
microscope, but since the surface showed no IR active species the
spectra are not presented here.

2.5. Cyclic voltammetry

A glassy carbon electrode with a surface area of 0.3 cm2 was used to
measure the oxidation of glycine and copper glycinate complex in
quiescent solutions. Copper sulfate (99% Sigma Aldrich) was added at
0.08 M to assess the oxidation of the copper glycinate complex. Cyclic
voltammetry was used at 10 to 100 mV/s. The potential window was
between −0.3 V relative to the OCP and 2.7 V (vs SHE), starting with
the anodic scan and finishing at the open circuit potential.

3. Results and discussion

3.1. Conditions for optimal copper dissolution

A series of potentiodynamic polarisation experiments were carried
out at pH 9.0, 10.0, 10.5 and 11.5, at temperatures of 22 °C and 60 °C

Fig. 3. Potentiodynamic polarisation curves: (a) effect of pH at 22 °C and 0.1 M glycine. (b) Effect of temperature and concentration of glycine at pH 10.

Fig. 4. (a) Variation of icorr with pH. (b) Variation of Ecorr with pH.
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and glycine concentrations of 0.1 M and 0.3 M. Some examples of these
measurements showing the effects of pH, temperature and glycine
concentration can be seen in the voltammograms in Fig. 3.

A summary of electrochemical parameters calculated from these
curves is presented in Fig. 4. The corrosion current, icorr, has a distinct
maximum at pH 10.0 at 60 °C and 10.5 at 22 °C. Above this pH, icorr

values generally level off or drop in value. This is consistent with the
increase in glycinate mole fraction with pH and temperature, and the
thermodynamic prediction of oxide formation at higher pH. This trend
is in agreement with the ambient temperature studies of (Aksu and
Doyle, 2001) and shows that it extends to higher temperatures and
glycine concentrations. The pronounced icorr peak for 0.3 M glycine at
60 °C suggests an interaction effect between these factors.

The Ecorr decreases with pH from 9.0 to 10.5 and as glycine in-
creases from 0.1 to 0.3 M. It levels off or rises slightly between 10.5 and
11.5, likely due to the formation of surface oxide species. Temperature
has little overall effect on the Ecorr, possibly due to it affecting both
anodic and cathodic reactions as discussed in the next section.

3.2. Evans diagrams

The observations in the preceding section were investigated further
by using a rotating disk electrode and observing the anodic and
cathodic reactions in isolation. Parameters studied were rotation speed,
glycine concentration and temperature. Rotation speed had no effect on
the anodic curves as shown in Fig. 5. The cathodic scans were influ-
enced by mass transport of O2 at low rotation speeds, with the curve at
250 rpm returning significantly lower current densities than those at
higher rotation speed.

The effect of concentration and temperature on the anodic and
cathodic curves can be seen in Fig. 6. Increasing the glycine con-
centration shifts the anodic curve to more negative values, resulting in a
lower Ecorr and a higher icorr. Increasing the temperature shifts the
cathodic curve positive and the anodic curve negative. At 60 °C, the
curves cross in a steep section of the cathodic curve, meaning a small
variation in glycine concentration results in a large change in the icorr.

The trends in these diagrams are consistent with Fig. 4, but icorr

values at the intersection of the anodic and cathodic curves are

Fig. 5. Effect of rotation speed (rpm) on anodic and cathodic scans in solutions of 0.3 M glycine at 25 °C at pH 10.

Fig. 6. Effect of glycine concentration on the anodic curves at 22 °C, left and 60 °C, right, with a superimposed cathodic curve in a glycine-free solution. Rotation rate
1000 rpm and pH 10.
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significantly lower. This may be simply due to the arbitrary use of
120 mV for the Tafel slopes in calculations of icorr, or because glycine
was not present for the generation of the cathodic curves, it may in
reality contribute to the cathodic current. To clarify this, cathodic
curves were generated for the reduction of both glycine and for copper

glycinate which may be present during potentiodynamic polarisation
due to dissolution of copper near the OCP.

Copper (II) glycinate was formed in solution by adding CuSO4 to
excess glycine (Drissi-Daoudi et al., 2003). The cupric glycinate re-
duction can be seen in the cathodic curves shown in Fig. 7. Glycine
alone showed no significant difference in the icorr over oxygen in the
Fig. 6, but the addition of cupric ions showed increasing cathodic
currents, particularly at 60 °C. The icorr values from Fig. 7 range from
0.2 to 0.3 mAcm−2 at 22 °C and 0.8 to 1.4 mAcm−2 at 60 °C and are in
the range of the values in Fig. 4. These results suggest that the two half
reactions are not completely independent of each other as has been
shown in other systems (Robertson et al., 2005). These results also show
that the copper (II) glycinate complex may be effective as an oxidant in
an autocatalytic process (Habashi, 1965).

3.3. Passivation

Passivation of the copper surface was only observed at pH 11.0 and
12.0. The passivation potential was dependant on pH, being about 0.5 V
(vs SHE) for pH 12 and 0.8 V (vs SHE) for pH 11 as shown in Fig. 8. This
trend is consistent with work by other researchers on the copper-glycine
system under similar conditions (Aksu and Doyle, 2001; Skrypnikova
et al., 2008; Tripathi et al., 2009). The variation with pH is expected
from the thermodynamics summarised in the Eh-pH diagram in Fig. 2,
and if localised depletion of glycine at the surface is considered.

Fig. 7. Cathodic reduction of aerated pH 10 glycine/copper sulfate mixture at (a) 22 °C, (b) 60 °C. Solutions of 0.3 M glycine with: 1) 0 M CuSO4; 2) 0.001 M CuSO4;
3) 0.002 M CuSO4; 4) 0.004 M CuSO4. The anodic scan was obtained from a de-aerated solution.

Fig. 8. Static electrode showing passivation of copper at pH 11 and 12 in 0.1 M
glycine.

Fig. 9. Passivation of RDE at pH 12 and 0.1 M glycine showing the effect of
rotation speed.

Fig. 10. Current decay curves in solutions of 0.1 M glycine at pH 12 held at
0.5 V (vs SHE).
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Using the rotating disc electrode (RDE) gave a slightly lower pas-
sivation potential of 0.4 V (vs SHE) under quiescent conditions as
shown by the solid line in Fig. 9. Rotating the electrode had a sig-
nificant effect, even at a very slow rate of 60 rpm. Passivation was
shifted to higher potentials with increasing rotation rate. This is likely
due to the increased flux of glycine to the metal surface and prevention
of oxide formation by Eqs. (6) and (7).

The passive region was investigated further with successive chron-
oamperometry tests at 0.5 V (vs SHE). Rest periods at the OCP of 30 s
and 60 s were included as shown in Fig. 10. The surface shows a re-
activation during the rest periods. When the potential is re-applied,
high currents were briefly observed before rapidly decaying to a low
steady state. The rotation mechanism was turned on at 400 s during a
period of passivation at 1000 rpm, after which no measurable change in
current was observed. This suggests a stable coherent passive layer on
the copper surface. After the sample was allowed to rest a final time at
the OCP with the disk still rotating at 1000 rpm, the last current decay
curve maintained a high current of about 15 mA/cm2 with no passi-
vation evident. Rotation at 1000 rpm allowed sufficient transport of
glycine to the surface and continued dissolution.

3.4. Staircase potential step and capacitance measurements

Interfacial capacitance measurements are known for describing an
oxidised copper surface, represented by two capacitors in series (Grdeń,
2014). These capacitances are generated across the Helmholtz double
layer at the electrode-solution interface, and if present, across an oxide
layer. The capacitance decreases as this layer thickens and the se-
paration between the opposing charges grows as predicted by the
parallel plate model (Bard and Faulkner, 2001). For copper, the oxide
layer is a duplex of CuO and Cu2O. It is a semiconductor, usually p-type,
but can be n-type in the early stages of oxidation (Ganzha et al., 2011).
Useful values for semiconducting properties of a passive layer from
Mott Schottky measurements require long oxidation times to form a
thick stable passive layer (Grdeń, 2014). In this study, a qualitative
approach was used to compare passive and non-passive surfaces over
the relatively short times used.

Non-passivating conditions were observed with 0.3 M glycine at
pH 10.5 and a rotation speed of 1000 rpm. Both current and capacitance
increase linearly with potential as shown in Fig. 11a. This linear in-
crease of current and capacitance at each potential step suggest Ohmic
behaviour, with no significant interference from passivating layer for-
mation.

Under passivating conditions at pH 12 with no disk rotation, there is
an overall growth of current with potential up to 0.15 V (vs SHE) fol-
lowed by a plateau. Just before the plateau region the capacitance
changes slope and decreases, suggesting a thickening oxide layer con-
sistent with the parallel plate capacitor model (Bard and Faulkner,
2001; Grdeń, 2014). This layer is likely to be Cu2O that is often a

precursor to passivation (Burstein and Newman, 1981; Kunze et al.,
2004).

The capacitance continues to decrease in the plateau region but
shows a large spike just before the passive region. This has been seen in
other studies, and is likely due to oxidation of Cu2O to soluble copper
(II), resulting in an increase in porosity before the formation of CuO (He
et al., 2006). The capacitance curve is relatively flat in the initial sec-
tion of the passive region, but with an increase towards the transpassive
region. It then flattens again at the onset of the transpassive region
before finally rising again. This suggests complex behaviour involving
the semiconducting nature of the oxide layer and further changes in
porosity (Grdeń, 2014; He et al., 2006; Speckmann et al., 1985).

3.5. Surface analysis

Surface analysis with Raman spectroscopy was consistent with the
observations in the previous sections that suggest the passive layer
breaks down upon resting at OCP. Three samples were tested: one
freshly polished copper sample exposed to atmosphere, one held at a
passivating potential of 0.6 V (vs SHE) for one hour and finally, one
held at the OCP for 4 h. These showed no significant differences in their
spectra as can be seen in Fig. 12. Weak Raman active peaks resembling
cuprite (Cu2O) were detected on all samples. These spectra are similar
to those reported in other studies for copper corrosion under various
conditions (Hurley and McCreery, 2003; Montes et al., 2014; Rios et al.,
2011).

3.6. Oxidation of glycine

Cyclic voltammetry was used to investigate the oxidation of glycine

Fig. 11. Current vs time and corresponding capacitance V potential. (a) Non passivating conditions with 0.3 M glycine at pH 10.5 and 1000 rpm. (b) Passivating
conditions with 0.1 M glycine at pH 12 and 0 rpm.

Fig. 12. Raman spectra of copper that has been oxidised at 0.6 V (vs SHE) held
at the OCP, and a fresh sample exposed to air showing a poorly crystalline
cuprite layer.
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at an inert electrode. At scan rates of 10 to 100 mV/s, peaks for oxi-
dation occurred above 1.2 V (vs SHE). This is similar to those reported
in the literature of 1.0 V (vs SHE) to 1.3 V (vs SHE) (Marangoni et al.,
1989; Ogura et al., 1998; Skrypnikova et al., 2011). The peak potentials
shift to higher potentials with scan rate and no peaks were observed on
the reverse sweep, indicating an irreversible reaction. A similar result
has been reported by several authors studying the adsorption and oxi-
dation of glycine where the adsorption step was reversible, but the
oxidation was not (Huerta et al., 1998; Sandoval et al., 2013). The ef-
fect was greatest at pH 12 and is shown at 22° and 60° in Fig. 13.

4. Conclusions

The effectiveness of glycine as a complexing agent in the alkaline
leaching of copper is primarily dependent on the pH of the solution,
with an optimum pH of 10.5 at 22 °C or 10.0 at 60 °C. At pH 9.0, dis-
solution is limited by a low mole fraction of the glycinate ion. Above
pH 10.0 or 10.5 the rate is slowed by surface oxide species. Dissolution
is particularly enhanced by an interaction between higher glycine
concentrations and temperature. Cupric glycinate acts as an oxidant
when the glycinate anion is in excess of soluble copper.

For all experiments the passivation potential was > 0.4 V (vs SHE)
and is dependent on pH, glycine concentration and electrode rotation
rate. The passive layer breaks down if the sample is rested at the OCP
for 30 s, and reforms when the potential is re-applied. Rotating the
electrode hinders the reformation of the passive layer.
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