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Abstract: The study presents the results of gold dissolution in cyanide solutions using the cyclic voltammetry method. A methodology was 

developed to investigate the mechanism of gold leaching in cyanide solutions by determining the relationship between current and potential 

under varying cyanide and oxygen concentrations. It is known that as the electrode potential increases, the gold dissolution current rises 

until the passivation potential is reached, after which it sharply decreases due to the formation of an oxide film, resulting in gold passivation. 

It was established that the maximum passivation current is achieved at oxygen and sodium cyanide concentrations of 7.5 mg/dm3 and 300–

400 mg/dm3, respectively. Mathematical relationships for the passivation potential and current as functions of sodium cyanide and oxygen 

concentrations were determined, described by polynomial equations with approximation coefficients R2 > 0.7. When the polarization direction 

is reversed, the current polarity changes, producing a cathodic curve with a peak at the depassivation potential, corresponding to the dissolution 

of the passive gold film. The depassivation potential and current show weak dependence on sodium cyanide concentration. The cyclic 

voltammetric curve terminates at the initial point with the same current and potential values, indicating the complete removal of the oxide film 

from the gold surface. The oxide film thickness, calculated based on the amount of passed charge, was found to be 0.007 μm. Metallographic 

studies demonstrated that the film thickness could not be determined by this method. A gold surface diffractogram revealed that the passive 

film formed after heating to 125 °C has the crystallochemical formula Na0.66Au2.66O4. The study highlights the potential for enhancing gold 

recovery from refractory ores through electrochemical treatment in alkaline conditions.
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Аннотация: Представлены результаты исследования растворения золота в цианистых растворах с применением метода цикличе-

ской вольтамперометрии. Разработана методика исследования механизма выщелачивания золота в цианистых растворах путем 
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Introduction

At present, cyanidation remains the primary me-

thod for extracting gold from ore. This process involves 

leaching precious metals using dilute solutions of cya-

nide salts in the presence of atmospheric oxygen, as 

shown in the reaction [1]:

2Au + 4NaCN + 0.5O2 + H2O =

= 2NaAu(CN)2 + 2NaOH.  (1)

Gold dissolution follows an electrochemical me-

chanism, in which the ionization of metal atoms de-

pends on the electrode potential. Electrochemical 

studies on the dissolution of gold in cyanide solutions 

at varying oxygen concentrations have been conducted 

in studies [2—4]. It is known that increasing the anod-

ic potential raises the current intensity, thereby en-

hancing gold dissolution according to Faraday’s law. 

Once a certain potential is reached, the current in-

tensity sharply decreases due to gold passivation. This 

potential is defined as the passivation potential (Еpas). 

The passive state is attributed to the formation of a 

protective layer on the metal surface under specific 

conditions due to interactions with the environment. 

Corrosion studies of metals have shown that the dis-

solution rate increases as acid concentrations rise 

but then drops sharply and abruptly once a specific 

oxidant concentration is reached. This phenomenon 

has been extensively documented for iron, aluminum, 

chromium, and other metals in acidic solutions [5]. 

This behavior has also been observed for gold using 

определения зависимости силы тока от потенциала при различных концентрациях цианида натрия и кислорода. Известно, что с 

повышением электродного потенциала ток растворения золота возрастает до потенциала пассивации, а затем резко снижается в 

связи с образованием оксидной пленки, и происходит пассивация золота. Установлено, что максимальное значение тока пасси-

вации достигается при концентрациях кислорода и цианида натрия в растворе 7,5 и 300–400 мг/дм3 соответственно. Определены 

математические зависимости потенциала и тока пассивации от концентраций цианида натрия и кислорода, которые описыва-

ются полиномиальными уравнениями с коэффициентами аппроксимации R2 > 0,7. При смене направления поляризации поляр-

ность тока меняется, и образуется катодная кривая с максимумом при потенциале депассивации, которая связана с растворе-

нием пассивной пленки золота. Потенциал и ток депассивации слабо зависят от концентрации цианида натрия. Циклическая 

вольт-амперная кривая заканчивается в начальной точке при том же значении тока и потенциала, что свидетельствует об удале-

нии оксидной пленки с поверхности золота. Толщина оксидной пленки установлена расчетными методами с учетом количества 

пропущенного электричества и составляет 0,007 мкм. Металлографические исследования показали, что толщина пленки этим 

методом не определяется. Дифрактограмма поверхности золота свидетельствует о том, что образующаяся пассивная пленка 

после нагрева до температуры 125 °С имеет кристаллохимическую формулу Na0,66Au2,66O4. Показана возможность повышения 

извлечения золота из упорных руд путем электрохимической обработки щелочи. 

Ключевые слова: золото, цианирование, кислород, электрохимия, потенциостат, пассивация, депассивация, ток, потенциал, 

электронный микроскоп, циклическая вольтамперометрия, дифрактограммы, окислительно-востановительный потенциал.
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potentiostatic polarization measurements [6]. Cyclic 

voltammetry (CV) is currently employed for more 

detailed investigations into corrosion mechanisms 

[7—11]. CV methods have been used to study the elect-

rochemical behavior of electrodes made from various 

materials, such as glassy carbon and graphene/glassy 

carbon with deposited Au nanoparticles [12]. How-

ever, data on gold dissolution in cyanide solutions 

using these methods are lacking. 

Enhancing the efficiency of the cyanidation pro-

cess is of great importance, and various methods have 

been employed, including hydroacoustic [12], auto-

clave [13—15], electrochemical [16], photochemical 

[14], and other treatments to influence gold dissolution 

processes [17—22]. These methods, to varying degrees, 

alter the electrode potential of the noble metal. There-

fore, studying the mechanism of gold electrochemi-

cal dissolution under different conditions using CV is 

highly relevant. The aim of this work is to investigate 

the kinetics of gold dissolution in cyanide solutions 

through CV measurements to elucidate the dissolution 

mechanism and the formation of passive films on the 

gold surface at different oxygen and sodium cyanide 

concentrations. 

Methodology of experiments

Electrochemical studies were conducted by re-

cording CV dependencies in cyanide solutions using a 

PI-50-PRO potentiostat-galvanostat. A 0.5 dm3 cell was 
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used, containing a working gold electrode with a surface 

area of 0.567 cm2, a platinum auxiliary electrode (EPV-1), 

a silver chloride reference electrode (EVP-08), and a 

WTW FDO 925 dissolved oxygen sensor. The oxygen 

concentration in the cell was regulated by supplying 

either argon or compressed air. 

For the experiments, solutions with sodium cya-

nide (NaCN) concentrations ranging from 20 to 

500 mg/dm3 and a pH of 10—10.5 were prepared. The 

gold electrode was immersed to its maximum possible 

depth near a rotating magnetic stirrer. To reduce the 

diffusion resistance of gold dissolution, the stirrer was 

set to a high speed of 650 rpm, with a potential sweep 

rate of 3.74 mV/s. A 0.450 dm3 solution with a specific 

NaCN concentration was added to the cell. The initial 

oxygen concentration in the solution was 7.5 mg/dm3. 

Argon was used to adjust the oxygen concentration as 

needed. 

The PI-50-PRO potentiostat was set to a polariza-

tion range of 100 to 1000 mV in both forward and re-

verse directions, with a sweep rate of 3.74 mV/s. After 

recording CV curves, argon was introduced into the 

solution to reduce the oxygen concentration to a speci-

fied level, and CV measurements were repeated. Thus, 

the oxygen concentration was gradually reduced from 

7.5 to 0.01 mg/dm3. At the end of each experiment, the 

solution was drained, and the cell was rinsed. Before 

and after each experiment, the NaCN concentration 

was measured using titration. Consequently, CV curves 

were obtained for all prepared solutions with varying 

NaCN concentrations and oxygen levels. 

Results and discussion

Fig. 1 shows the CV curves with potentials referenced 

to the silver/silver chloride (Ag/AgCl) reference elec-

trode.

The analysis of the typical CV dependencies in Fig. 1 

made it possible to determine the passivation potentials 

(Еpas) corresponding to the maximum anodic current 

(Ipas). During the reverse sweep of the CV curves, from 

1000 mV to 100 mV, the current polarity changes, and at 

the maximum cathodic depassivation current (Idep), the 

depassivation potential (Еdep) can be identified.

It is known [5] that the current density serves as an 

electrochemical indicator of the mass rate of electro-

chemical corrosion (Кm), which can be applied to the 

gold leaching process, as this also proceeds sponta-

neously in cyanide solutions: 

Кm = qIt/S.   (2)

Here, Кm = m/(St) is the corrosion rate, g/(cm2·s); 

m is the mass of dissolved gold, g; S = 0.567 cm2 is 

the electrode area; t is time, s; i = I/S is the current 

density, А/cm2; q is the electrochemical equivalent of 

gold, equal to the atomic mass of gold (A) divided by 

the number of electrons (n) and Faraday’s constant (F): 

q = A/(nF) = 196.967/(1·96500) = 0.00204 g/(А·s).

At the initial stage of the CV measurements 

(Fig. 1), the gold corrosion rate was I/S = 29/0.567 =

= 51 μA/cm2, while at the passivation potential, it 

reached Кm = 180/0.567 = 317.5 μA/cm2. This indi-

cates that the gold dissolution rate can increase by a 

factor of 6.2 with a 350 mV positive shift in the gold 

electrode potential. Further increasing the potential to 

600 mV results in reduced gold dissolution due to the 

formation of a passive film.

Two main theories describe the nature of the passi-

vating layer: the phase and adsorption theories of pas-

sivity. According to the phase theory, passivity arises 

from the formation of a relatively thick phase film on 

the metal surface, consisting of corrosion products that 

isolate the metal from the corrosive medium. The phase 

theory links the determining influence of potential 

on the transition of the metal into a passive state with 

changes in the composition and crystalline structure 

of the corrosion products, and therefore, the protective 

properties of the films formed as the electrode potential 

increases. However, an independent phase film is not 

Fig. 1. Example of typical cyclic voltammograms at NaCN 

concentration of 200 mg/dm3

СО2
, mg/dm3: 1 – 7.5; 2 – 3.0; 3 – 2.0; 4 – 1.3; 5 – 0.8; 

6 – 0.4; 7 – 0.05

Рис. 1. Пример типичных цикличных 

вольт-амперных зависимостей 

при концентрации СNaCN = 200 мг/дм3

СО2
, мг/дм3: 1 – 7,5; 2 – 3,0; 3 – 2,0; 4 – 1,3; 5 – 0,8; 

6 – 0,4; 7 – 0,05
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Fig. 2. Cyclic voltammograms at various NaCN 

and O2 concentrations

CNaCN, mg/dm3: а – 20; b – 40; c – 80; d – 140; e – 200; 

f – 260; g – 320; h – 380; i – 500

СО2
, mg/dm3: 1 – 7,5; 2 – 7,0; 3 – 6,0; 4 – 5,0; 5 – 4,0; 6 – 3,0; 

7 – 2,0; 8 – 1,3; 9 – 0,8; 10 – 0,4; 11 – 0,05; 12 – 0,01

Рис. 2. Циклические вольт-амперные зависимости 

при различных концентрациях NaCN и O2

СNaCN, мг/дм3: а – 20; b – 40; c – 80; d – 140; e – 200; 

f – 260; g – 320; h – 380; i – 500

СО2
, мг/дм3: 1 – 7,5; 2 – 7,0; 3 – 6,0; 4 – 5,0; 5 – 4,0; 6 – 3,0; 

7 – 2,0; 8 – 1,3; 9 – 0,8; 10 – 0,4; 11 – 0,05; 12 – 0,01
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always observed on the surface of a metal in a passive 

state. The adsorption theory postulates that the me-

tal transitions to a passive state due to the formation of 

a chemisorbed layer of an oxidant, such as oxygen, on 

its surface. We believe that both theories are applicable 

to the gold dissolution process and must be considered 

during gold leaching.

To establish the mechanism of gold passivation, 

Fig. 2 presents the CV measurement results in NaCN 

solutions with various oxygen concentrations (potentials 

are indicated in mV relative to the Ag/AgCl reference 

electrode).

According to the analysis of the CV dependencies 

(see Fig. 2), a current peak corresponding to the passi-

vation potential is observed at various sodium cyanide 

concentrations. As the potential decreases from 1000 

to 100 mV, the current reverses polarity, indicating 

the dissolution of the passive film. The maximum ca-

thodic current, referred to as the depassivation cur-

rent (Idep), is reached at the depassivation potential 

(Еdep). Based on the obtained results (Fig. 2), the re-

lationships between the passivation and depassivation 

currents and potentials with sodium cyanide concen-

tration at an oxygen concentration of 7.5 mg/dm3 were 

determined, as shown in Fig. 3. These relationships 

(Fig. 3) are described by polynomial equations of the 

following form: 

Еpas = 360.93 + 1.0621СNaCN – 0.0011С 2
NaCN, 

R2 = 0.6587,  
(3)

Ipas = 12.637 + 0.9925СNaCN – 0.0012С 2
NaCN, 

R2 = 0.7342,  
(4)

Еdep = 229.9 + 0.3791СNaCN + 0.00060012С 2
NaCN, 

R2 = 0.1954,  
(5)

Idep = 13.069 + 0.0723СNaCN + 0.3797С 2
NaCN, 

R2 = 0.3797.  
(6)

The analysis of the dependencies shown in 

Fig. 3, a, b indicates that they can be described by 

polynomial equations with approximation coeffi-

cients around 0.7, making them statistically sig-

nificant. In contrast, the depassivation processes 

(Fig. 3, c, d) have lower approximation coefficients 

(R2 < 0.4) and are not statistically significant. This 

suggests that the dissolution of the passive film is 

independent of the sodium cyanide concentration. 

Fig. 3. Dependence of passivation potential (a), passivation current (b), depassivation potential (c), and depassivation current (d) 

on sodium cyanide concentration

Рис. 3. Зависимость потенциала пассивации (а), тока пассивации (b), потенциала депассивации (c), 

тока депассивации (d) от концентрации цианида натрия
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The maximum passivation currents, according to 

equation (4), are reached at СNaCN = 400 mg/dm3. 

However, two visual maxima are observed at cyanide 

concentrations of 200 and 400 mg/dm3. This could 

be attributed to the high uncertainty in determining 

the passivation current, and the application of sta-

tistical methods for data processing is necessary to 

improve reliability.

During the experiments, the sodium cyanide 

concentration in the solution was monitored before 

and after recording a series of CV curves at various 

cyanide concentrations. Fig. 4 presents the results of 

the reduction in NaCN concentration as a percentage 

of its initial value during CV measurements, with oxy-

gen levels varying from 7.5 to 0.01 mg/dm3 as shown 

in Fig. 2.

The change in sodium cyanide concentration as a 

function of its initial concentration is described by the 

following polynomial equation: 

СNaCN = 0.2776Сн NaCN – 0.0004С 2
н NaCN – 28.584, 

R2 = 0.9649.  
(7)

The maximum reduction in NaCN concentration 

is 25.3 % at an initial sodium cyanide concentration of 

370 mg/dm3. Given that 0.45 dm3 of solution was added 

to the cell, the maximum NaCN loss amounts to 42 mg 

during 12 CV measurements at different oxygen concen-

trations in a sodium cyanide solution with an initial con-

centration of 370 mg/dm3.

To provide more comprehensive information for 

selecting optimal leaching conditions based on oxy-

gen concentration, three-dimensional diagrams were 

constructed to show the dependence of current or 

potential on sodium cyanide and oxygen concentra-

tions. 

Figures 5 and 6 present three-dimensional diagrams 

illustrating the dependence of current and potential on 

sodium cyanide and oxygen concentrations.

According to Fig. 5, the maximum passivation 

potential reaches 600 mV at a cyanide concentra-

Fig. 4. Reduction in sodium cyanide concentration based 

on its initial concentration during CV measurements 

with varying oxygen levels

Рис. 4. Снижение концентрации цианистого натрия 

в зависимости от начальной его концентрации 

при снятии серии ЦВА с различной концентрацией 

кислорода

Fig. 6. Dependence of passivation current on NaCN and O2 

concentration

Рис. 6. Диаграмма зависимости тока пассивации 

от концентраций NaCN и O2

Fig. 5. Dependence of passivation potential on NaCN and O2 

concentration

Рис. 5. Диаграмма зависимости 

потенциала пассивации от концентраций NaCN и O2
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tion of 400 mg/dm3 and an oxygen concentration of 

7.5 mg/dm3. 

According to Fig. 6, the maximum passivation cur-

rent of 300 μA is observed at СNaCN = 380 mg/dm3 and 

СО2
 = 7.5 mg/dm3. Notably, at an oxygen concentration 

of 0.05 mg/dm3, the passivation current, and conse-

quently the gold solubility, is 50 μA. This indicates that 

gold dissolves in cyanide solutions under anodic polari-

zation even in the absence of oxygen. If oxygen does not 

participate in gold dissolution via reaction (1), the me-

chanism of anodic gold dissolution can be represented 

by the following reactions:

Au + 2(CN)– – 2e = Au(CN)–
2.  (8)

At the cathode, in the presence of oxygen, electrons 

are consumed by oxygen:

O2 + 2H2O + 2e = 4OH–.  (9)

In the absence of oxygen, electrons are consumed 

during hydrogen evolution at the auxiliary platinum 

electrode:

2H+ + 2e = H2.  (10)

In [1], it was demonstrated that cyanide gold can 

form during leaching without anodic polarization via 

the following mechanism: 

Аu+ + CN– = AuCN.  (11)

This is possible considering that gold in the ore is of-

ten in contact with metal sulfides (pyrite, galena, etc.) 

that have high positive potentials. Cyanide gold does not 

dissolve directly but reacts with excess cyanide to form a 

complex compound, dicyanoaurate, which is capable of 

entering the solution:

AuCN + NaCN = Na[Au(CN)2].  (12)

Thus, to enhance the electrochemical dissolution of 

gold, it is recommended to increase the oxygen con-

centration and the electrode potential up to the passi-

vation potential. When the electrode potential in a cy-

anide solution of 380 mg/dm3 exceeds the passivation 

potential of 450 mV, a passive film forms, leading to 

a sharp decrease in current and, consequently, in gold 

dissolution.

To calculate the thickness of the passive gold film 

during CV measurements, the following electroche-

mical reaction occurring at the anode was considered: 

Au – 1e = Au+. The obtained CV curves (see Fig. 2, e) 

show that as the potential increases, the current rises, 

and the amount of dissolved gold (m) can be calculated 

using Faraday’s law: 

m = qIt,  (13)

where I is the current, А; t is the time, s; q is the elect-

rochemical equivalent of gold, equal to 0.002 g/(А·s).

The time can be determined based on the poten-

tial sweep rate v = 3.74 mV/s during CV measurements: 

t = (Еpas – Еn)/v = (450 – 100)/3.74 = 93.58 s. The cur-

rent is obtained from the I—E (see Fig. 1) as the average 

between the initial current and the maximum current: 

I = (182 – 27)/2 = 77.5 μA = 77.5·10–6 А. Let us cal-

culate the amount of dissolved gold during a single CV 

measurement at a sodium cyanide concentration of 

200 mg/dm3 (see Fig. 1). For one CV measurement, the 

amount of dissolved gold is: m = qIt = 0.002·77.5·10–6 ×
× 93.58 = 14.5·10–6 g = 14.5 μg.

During passivation, the current decreases to its 

initial state, and a passive film forms through the fol-

lowing reactions: Au – 3e = Au3+, Au3+ + 3ОН– =

= Au(OH)3. The amount of dissolved gold, based on 

equation (13), is m = qIt = 0.00068·77.5·10–6·93.58 =

= 4.93·10–6 g, where the electrochemical equivalent 

for Au3+ is 0.00068 g/(А·s). The mass of the passive 

Au(OH)3 film (molecular mass = 237) can be calcu-

lated stoichiometrically as 237·4.93·10–6/196.97 =

= 5.93·10–6 g. The thickness of the film is determined 

[23] by dividing the film mass by the product of the 

electrode area and the film density. Since the density 

of the film is not provided in reference data, it is cal-

culated based on the additive properties of the speci-

fic densities. Considering that Au(OH)3 contains 

0.784 parts gold (ρ = 19.3 g/cm3) and 0.215 parts (OH)3 

(ρ = 1 g/сm3), the film density is 14.9 g/сm3. The film 

thickness, given the electrode area of 0.567 cm2, is 

calculated as h = 5.93·10–6/(0.567·14.9) = 0.7·10–6cm =

= 0.007 μm. Table 1 presents the results of the calcu-

lations for the mass of dissolved gold, the stoichio-

metric calculation of cyanide consumption based on 

reaction (1) considering the mass of dissolved gold, 

and the calculated thickness of the passive film in 

the CV region, accounting for the formation of gold 

hydroxide. 

The calculated thickness of the passive film 

(0.007 μm) is significantly smaller than passive films 

formed on metals like aluminum (0.01—1 μm). It is like-

ly that the adsorption theory of passivity applies to films 

on gold, where a sharp decrease in anodic current oc-

curs due to the formation of a chemisorbed oxygen layer, 

as observed on platinum with 1—6 % monolayer oxy-

gen coverage [23]. Based on sodium cyanide consump-
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tion, previous calculations showed that during 12 CV 

measurements, the reduction in cyanide concentration 

amounted to 42 mg, which greatly exceeds the amount 

required for the electrochemical dissolution of gold 

(66.1·10–6 g). This suggests that sodium cyanide decom-

poses during CV measurements.

To determine the actual thickness of the films on the 

obtained gold samples, metallographic studies were con-

ducted. Microstructure imaging was performed using an 

inverted metallographic microscope (Olympus GX-51). 

Fig. 7 shows the microstructures of the gold electrode 

before and after passivation. 

In Fig. 7, a, the clean gold surface shows visible lines 

from grinding and polishing. In Fig. 7, b, after passiva-

tion, the surface appears gray with no signs of rough-

ness—likely due to the formation of a gold oxide film, 

the thickness of which cannot be determined using this 

method.

To investigate the composition of the film, a frag-

ment of the Pourbaix diagram for gold is provided in 

Fig. 8 [24; 25]. 

The E—рН diagram for the Au—H2O system in-

dicates that gold hydroxide (Au(OH)3) forms at рН =

= 2÷11 and E > 0.8 V. At рН = 10 and E > 2.0 V AuО2 

is expected to form. Accordingly, on the recorded CV 

dependencies (see Fig. 2) at рН = 10 and E > 0.8 V, 

Au(OH)3 likely forms. However, it is important to note 

that the Pourbaix diagram pertains to aqueous solu-

tions, whereas the passive film in this study was formed 

in sodium cyanide solutions. To determine the compo-

sition of the passive film, an X-ray diffraction (XRD) 

analysis was performed using a Shimadzu XRD-7000 

automatic powder diffractometer. A pure gold sample 

(1 cm2) was prepared by grinding, polishing, degreas-

ing in acetone, rinsing with distilled water, and passi-

vating in a sodium cyanide solution (200 mg/dm3) at 

E > 650 mV for 1 h. After drying at room temperature, 

the surface of the gold sample exhibited a dark brown 

coloration. The diffraction pattern of the passivated 

sample revealed no characteristic peaks corresponding 

to gold oxides or hydroxides, indicating that the pas-

sive film lacks a crystalline structure. According to [26; 

27], gold hydroxide undergoes dehydration upon heat-

ing to 125 °C, initially forming AuO(OH), followed by 

sesquioxide (Au2O3), which decomposes into Au and 

O2 at temperatures exceeding 160 °C. Therefore, in the 

second stage of the investigation, the gold sample was 

heated at 125 °C for 1 hour prior to recording the dif-

Table 1. Results of passive film thickness calculations

Таблица 1. Результаты расчетов толщины пассивной пленки

CV range, mV 

(see Fig. 2, e)

Mass of dissolved 

gold, μg

Cyanide consumption 

per reaction (1), μg

Calculated passive film 

thickness, μm

100–450 

(old dissolution)
4.94 2.54 –

450–700 

(passive film formation)
5.96 2.97 0.007

Results of 12 CVs 

(at various oxygen 

concentrations)

130.9 66.1 –

Fig. 7. Microstructures of the gold electrode before passivation (a) and after passivation (b)

Рис. 7. Микроструктуры золота на электроде до пассивации (а) и после пассивации (b)

a b
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fraction pattern to further analyze the composition of 

the passive film.

Fig. 9 shows the diffraction pattern of the gold 

sample after passivation and heating, identifying the 

following compounds and their respective contents: 

Au (83 %); Au(CN) (0.05 %); Na0.66Au2.66O4 (14 %); 

Cu (3 %). This indicates that sodium, cyanide, and 

oxygen participate in forming the passive film on 

gold. For the first time, a compound with the crys-

tallochemical formula Na0.66Au2.66O4, has been dis-

covered, which can be interpreted as a double salt 

of the type m(Na2O)n(Аu2O3). This compound was 

likely formed as a result of heating the gold sam-

ple. Consequently, the passive film in sodium cy-

anide solution consists of a hydroxide compound 

mNa(OH)nAu(ОН)3, which exists in an amorphous 

phase and does not produce diffraction lines. This 

supports the conclusion that gold passivation aligns 

with the adsorption theory of passivity.

Analyzing the obtained CV results on gold suggests 

the following dissolution mechanism. At an initial 

steady-state potential of 100 mV, the dissolution cur-

rent ranges from 5 to 25 μA, depending on the oxygen 

concentration in the solution. During anodic pola-

rization, the current increases exponentially, reaching 

70—180 μA, with gold solubility increasing by a fac-

tor of 7—14, depending on the oxygen concentration. 

When the potential reaches 400—450 mV, the current 

increase stops. As an oxide film, mNa(OH)nAu(OH)3, 

forms, the current decreases to 5—25 μA (depending 

on the oxygen concentration) at a complete passivation 

potential of 600 mV. This well-known property of metal 

passivation is generally attributed to the formation of 

an oxide film. Passivation is a well-documented phe-

nomenon associated not only with electrode polariza-

tion but also with the oxidative properties of the envi-

ronment. For example, iron dissolves readily in sulfuric 

acid solutions but hardly dissolves in concentrated sul-

furic acid. This factor should also be considered for 

gold. In gold extraction plants, setting an electrode po-

tential of 400 mV on gold via electrochemical methods 

is challenging. However, such tests were conducted in 

[16], where the pulp was subjected to electrochemical 

treatment on insoluble electrodes. Although the change 

in gold potential was not monitored, which prevented 

theoretical justification of the optimal current and po-

tential during pulp treatment, an increase in gold re-

covery was observed.

Fig. 8. Pourbet diagram for the Au–H2O system at 25 °С [24; 25]

1, 2 – equilibrium lines of the hydrogen and oxygen electrodes; 

3 – equilibrium line Au–Au(OH)3; 4 – equilibrium line Au(OH)3–AuO2; 

5 – equilibrium line AuO2–H2AuO3
–

I – region of thermodynamic stability of gold; II – region of gold 

hydroxide (Au(OH)3) formation; III – region of gold dioxide (AuO2) 

formation

Рис. 8. Диаграмма Пурбе для системы Au–H2O 

при температуре 25 °С [24; 25]

1, 2 – линии равновесия водородного и кислородного электродов; 

3 – равновесная линия Au–Au(OH)3; 4 – равновесная линия 

Au(OH)3–AuO2; 5 – равновесная линия AuO2–H2AuO3
–

I – область термодинамической устойчивости золота; 

II – область образования гидроксида золота Au(OH)3; 

III – область образования диоксида золота AuO2

Fig. 9. XRD pattern of the gold sample after passivation and 

heating at 125 °C

Рис. 9. Дифрактограмма образца золота, подвергнутого 

пассивации и нагреву при температуре 125 °C
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Another approach to modifying the gold poten-

tial involves the use of oxidants or reductants, which 

shifts the resulting gold dissolution potential into 

the passivation and depassivation range. The redox 

potential (ORP) of the pulp can be increased by in-

troducing oxidants such as oxygen, ozone, or hydro-

gen peroxide. Electrochemical treatment of reagents, 

such as an alkali solution, can also increase the 

ORP. Using such treated alkali in cyanide leaching 

enhances gold recovery. Laboratory studies on the 

electrochemical treatment of alkali in an electrolyzer 

demonstrated the potential for increasing ORP [28]. 

The dependence of ORP on treatment time is shown 

in Fig. 10.

Electrochemical treatment of alkali at optimal cur-

rent and potential values for 10 minutes increases the 

ORP by a factor of 8. 

Table 2 presents the results of gold leaching from re-

fractory ores in cyanide solutions with the addition of 

electrochemically treated alkali [28].

Table 2 demonstrates that the application of elec-

trochemically treated alkali results in an 18 % and 

15 % increase in the extraction of gold and silver into the 

solution, respectively. Thus, to optimize the gold leach-

ing process at extraction facilities, it is crucial to sys-

tematically monitor the electrode potential of gold and 

regulate it through the addition of oxidizing or reducing 

agents, or by employing electrochemical treatment of 

the pulp or reagents. 

Conclusion

The cyclic voltammetric measurements on a gold 

electrode in cyanide solutions at varying oxygen concen-

trations revealed the relationship between passivation 

current and potential with sodium cyanide concentra-

tion. It was found that increasing the electrode potential 

leads to a rise in current, and upon reaching the passi-

vation potential, a passive film forms. This results in a 

significant decrease in current and, consequently, a re-

duction in gold dissolution. The thickness of the passive 

film, calculated based on the charge passed during CV 

measurements, was determined to be 0.007 μm. X-ray 

diffraction analysis of the gold sample’s surface indi-

cated that after heating to 125°C, the passive film had 

the crystallochemical formula Na0,66Au2,66O4. This 

film likely forms when a gold hydroxide passive film of 

the type nNa(OH)mAu(ОН)3, which is amorphous and 

undetectable via diffraction, is subjected to heating. The 

study highlights the potential for enhancing gold reco-

very from refractory ores through the use of electro-

chemically treated alkali. 
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