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Abstrakt 
 V tomto príspevku sú prezentované výhody použitia chloridového prostredia na 
lúhovanie sulfidických minerálov.Výhodou použitia chloridu meď natého ako lúhovacieho č
inidla je jeho schopnosť  tvoriť  komplexy, 

č
o zna

č
ne zvyšuje redox potenciál a oxida

č
nú silu 

roztoku. Diskutované sú termodynamické vlastnosti a prevládajúce zložky roztoku. Jednomocný 
ión medi je prítomný prevažne  ako [CuCl3]

2- a 
č
iasto

č
ne vo forme [CuCl2]

-.Komplexy 
dvojmocnej medi sú nestabilné , ale je možné predpokladať , že ióny dvojmocnej medi nie sú 
úplne vo forme komplexov.Pri nízkej koncentrácii chloridových iónov  Cu2+ nemôžu tvoriť  
komplexy. V práci sú uvedené základné chloridové procesy , ich výhody a porovnania. 
Najdôležitejšie procesy sú CLEAR, CYMET a HydroCopper®, ktoré v sú

č
asnosti dosiahli 

komer
č
ného využitia.Jednou z výhod v procese HydroCopper® je, že 95% síry môže byť  získané 

v elementárnej forme.Dobrým základom pre získanie medi vysokej kvality je rafinácia roztoku v 
piatich stupň och . Rafinácia pozostáva z odstraň ovania    Cu2+ a síranu, odstraň ovania striebra, 
neutralizácie, iónovej výmeny a nakoniec z precipitácie  Cu2O. Technológia procesu  v 
HydroCopper® nie je nová., ale inovácia v kombinácii so známou technológiou robí tento proces 
unikátnym. 
 
 

Abstract 
 This study presents the advantages of chloride media as a leaching media for sulfide 
minerals. The advantage in using cupric chloride solution as a leaching media is its ability to 
form complexes, which increases the redox potential and thus the oxidative power of the 
solution remarkably. The thermodynamics of the solution are discussed and the prevailing 
species suggested. Cuprous ion can be suggested to be present mostly as [CuCl3]

2- but also partly 
as [CuCl2]

-. The complexation of cupric ion is more inconsistent, but it can be suggested that 
cupric ion is not totally in a complex form. With lower chloride concentrations Cu2+ may not 
form complexes. At high Cl concentrations [CuCl]+ or [CuCl3]

- and [CuCl4]
2- may be present. 

Some chloride based processes are presented and the advantages of them are compared. The 
most important processes are CLEAR, CYMET and HydroCopper®, of which the latter has 
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recently reached the commercial scale. One of the advantages in HydroCopper® is that 95 % of 
the sulfur can be turned into the elemental form. Also the five step solution purification starting 
from Cu2+ and sulfate removal, silver removal, neutralization, ion exhange and ending in Cu2O 
precipitation is a good base for high quality copper production. The unit processes used in 
HydroCopper® are not new, but the innovative combination of known unit processes makes 
HydroCopper® unique. 
 

Keywords: Chloride leaching processes, thermodynamics, cupric chloride, sodium chloride, 
chalcopyrite, HydroCopper®. 

 
 

1. Introduction  
 The development of the hydrometallurgical process options for sulphide minerals is of 
great importance specifically from an environmental viewpoint. As sulfur dioxide emissions 
from the pyrometallurgical industry are highly undesirable, there is a need to develop 
economically beneficial processes, which turn the sulfur coming from the sulphide minerals into 
elemental form. The possibility to use low-grade concentrates, low energy consumption and 
ability to regenerate leaching solutions increase the importance of the research of the 
hydrometallurgical process options. Hydrometallurgical processes can also operate profitable in 
small scale plants. 
 In the search for hydrometallurgical alternatives to copper smelting, leaching of 
chalcopyrite with sulfuric acid, in combination with various oxidizing agents, has received most 
of the attention. Processes like Activox, Nenatech, Dynatec, AAC/UBC, Placer Dome process, 
Biocop, Bactech/Mintek and Geocoat are nowadays the main sulfate processes for chalcopyrite 
leaching. Many of them use pressure leaching at high temperatures (150-225 °C). Sulfate-based 
process have advantages due to it’s generally simpler and better understood chemistry. However, 
chloride based processes are of increasing interest. Faster kinetics in chloride solution makes it 
possible to use atmospheric leaching and high dissolution rates of metals makes it possible to 
use smaller solution volumes in subsequent steps. One major advantage is that almost all sulfur 
can be oxidized into elemental form. Lately, a cupric chloride based process, HydroCopper® has 
reached the commercial scale [1-4]. 
 
 

2. Copper Chloride solution 
 Copper can be present in three forms in the stability area of water; in the oxidation 
state two as cupric (Cu2+), in oxidation state one as cuprous (Cu+) or as solid copper. In aqueous 
solutions cupric ions are usually stable, since cuprous ions are not very soluble in cold water [5]. 
The redox couple Cu2+/Cu+ has a standard electrode potential of -0.044 V vs. Ag/AgCl (E0 = 
0.153 V vs. SHE) [6], which is not related to a very oxidative leaching environment. Thus it 
could be considered that Cu2+ cannot be used as an oxidant in order to leach sulfide minerals. 
However, it is known that in chloride solutions Cu+ is eager to form complexes, such as [CuCl]0, 
[CuCl2]

-, [CuCl3]
2-, [CuCl4]

3- and that Cu+ in the complex form is very stable [7-14]. This is 
advantageous to the redox potential of the solution, which increases significantly due to the 
complex formation. The redox potential cupric/cuprous in concentrated chloride solution is in 
the range 0.73 – 0.90 V vs. SHE (0.53-0.70 V vs. Ag/AgCl) [15], which is remarkably higher 
than the standard electrode potential. This behaviour makes concentrated copper chloride 
solutions highly oxidizing and effective leaching media for sulfide minerals and interesting 
topics for research. 
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2.1 Thermodynamics 
 The electrode potentials, E, for copper ions and copper are as follows at 90 ° C (1)-
(3). The values of E were calculated with the HSC 5.11 thermodynamic calculation software. 
 

 Cu2+
(aq) + 2e- = Cu(s)          E = 0.339 V vs. SHE (1) 

 

 Cu2+
(aq) + e- = Cu+

(aq)         E = 0.213 V vs. SHE (2) 
 

 Cu+
(aq) + e- = Cu(s)              E = 0.466 V vs. SHE (3) 

 

 The electrode potentials for copper species suggest that it is more likely that Cu2+ 
would reduce straight to solid copper, instead of going first to the cuprous form Cu+. However, 
these thermodynamic values can not be applied to concentrated copper chloride solutions due to 
complex formation and incomplete activity coefficient information.  
 One very strong characteristic of a chloride solution is that it can form complexes 
with copper cations and thus make even cuprous ions stable in the form of various cuprous 
complexes instead of cuprous ions. Thus for example reactions (4)-(5) are possible in cupric 
chloride solutions. The values of E in reactions (4)-(5) are calculated at T = 90 °C. The Gibb’s 
energy for all the reactions (1)-(5) is below 0. 
 

 [CuCl]+(aq) + 2Cl-(aq) + e- = [CuCl3]
2-

(aq)      E = 0.454 V vs. SHE (4) 
 

 [CuCl3]
2-

(aq)+ e- = Cu(s) + 3Cl-(aq)                  E = 0.172 V vs. SHE (5) 
 

 As it is assumed that cupric and cuprous ions form complexes as described in the 
equations (4) and (5), it is suggested that the cupric complex reduction proceeds in two steps: 
first the cupric complex reduces to a cuprous complex and after that the cuprous complex 
reduces to solid copper with decreasing potential. That differs from the behaviour of cupric ion 
reduction in an ideal dilute water solution (1)-(3). 
 
 

2.2 Cuprous and cupric complexation 
 There are a number of studies in the field of cuprous ion complexation in chloride 
solutions [7-14]. It is generally agreed that complexes such as [CuCl]0, [CuCl2]

-, [CuCl3]
2-, 

[CuCl4]
3- and even the dimer and trimer [Cu2Cl4]

2-, [Cu3Cl6]
3- can be present in chloride 

solutions. It has also been proposed that complexes with charges greater than three are highly 
unlikely, even at very high Cl- concentrations [8]. 
 Table 1 summarizes the prevailing complexes in cuprous chloride solution near the 
boiling point of the solution. In dilute solutions [CuCl]0 is shown to be predominant, where as at 
more concentrated solutions [CuCl2]

- and [CuCl3]
2- dominate. Generally near the boiling point of 

the solution [CuCl2]
- is dominant when [Cl-] > 0.1 M, but the importance of [CuCl3]

2- increases 
with increasing chloride concentrations and temperature [7-14]. 
 It seems clear that cuprous ion can be present only in a complex form in concentrated 
chloride solutions. However, the complexation of cupric ion is still disputed. Berger et al. [7] 
reviewed in their article that at low Cl- concentrations the hexaqua complex [Cu(H2O)6]

2+ is 
dominant and in more concentrated solutions [CuCl]+ and [CuCl2]

0 dominate. As the Cl- 
concentration reaches 2.5 M, [CuCl3]

- is formed and with 5 to 10 M [CuCl4]
2-. Opposite to that, 

Collings et al. [16] concluded that no complexation of Cu2+ with Cl- ions occurs at <75 °C with 
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0.2 and 2.2 M Cl. However, with higher chloride concentrations (5 M NaCl) [CuCl]+ was 
observed to be the dominant species at 25-75 °C, becoming [CuCl3]

- and [CuCl4]
2- at 125 °C. 

Generally Collings [16] summarizes that the stability of CuCl+ complex appears to be 
overestimated.  
 
Table 1  Significant complexes formed in cuprous chloride solutions near the boiling point of the solution with 

increasing chloride concentration. Reaction conditions vary by studies 

Complex [Cl-] / M Conditions Source 

[CuCl]
0

 
0.01-0.1 m 

 
50 ºC, 0.2 m NaAc [13] 

[CuCl]
0

 0.01-0.1 m 150 ºC, 0.2 m NaAc [13] 

[CuCl]
0

 0.001-0.1 m 100 °C, Saturated water vapour pressure [10] 

[CuCl2] - 0.1-0.5 50 ºC, 0.2 m NaAc [13] 

[CuCl2] - 
>0.1 

 
150 ºC, 0.2 m NaAc [13] 

[CuCl2] - >0.1 100 °C, Saturated water vapour pressure [10] 

[CuCl2] - <2 100 °C, Chloride added as LiCl [12] 

[CuCl3]2- >0.5 50 ºC, 0.2 m NaAc [13] 

[CuCl3]2- >1.0 200 °C, Saturated water vapour pressure [10] 

[CuCl3]2- 2-7 100 °C, Chloride added as LiCl [12] 

[CuCl4]3- >7 100 °C, Chloride added as LiCl [12] 

 
 

 Based on the earlier studies done in this field, the cuprous ion can be suggested to be 
present mostly as complex [CuCl3]

2- but also partly as [CuCl2]
-, in solutions similar to 

HydroCopper® ([NaCl] = 280 g/l, Cu2+ = 40 g/l, T = 90 °C). The complexation of cupric ion is 
more inconsistent, but it can be suggested that with lower chloride concentrations Cu2+ does not 
form complexes. At high Cl concentrations, such as [NaCl] = 5 M, [CuCl]+ or [CuCl3]

- and 
[CuCl4]

2- may be present. 
 
 

2.3 Pourbaix diagrams in concentrated chloride solutions 
 The effect of cupric ion concentration (0.0014 M with dashed line and 0.41 M with 
solid line) on the stability areas of copper species in cupric chloride solution can be observed 
with the help of Pourbaix-diagrams shown in Fig.1. The diagrams was made with HSC 5.11 
program having similar parameters to those in the HydroCopper® process ([NaCl] = 250 g/l). 
Diagrams show the ions, complexes and solids that are thermodynamically likely to prevail on 
certain potential-pH area. In Fig.1 the increase in copper concentration decreases the stability 
area of Cu2+ and [CuCl]+ to lower pH values. The increase in copper concentration increases also 
the redox potential of [CuCl3]

2-/Cu. 
 Pourbaix diagram in Fig.1 suggests that with high Cl- concentration Cu2+ would form 
complex [CuCl]+ in the potential area 0.55 V – 1.35 V vs. SHE at pH 2. Cu+ would be mainly 
present as [CuCl3]

2-. The calculated redox potential at pH is ca. 0.55 V vs. SHE (0.35 V vs. 
Ag/AgCl), increasing slightly with increasing cupric ion concentration. Fig.1 has been calculated 
by taking into account all the species that can be present in cupric chloride solutions. 
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Fig.1 E-pH diagram of aqueous copper chloride system. The effect of copper concentration (solid line = 0.41 M and 

dashed line = 0.0014 M, being equal to 26.6 g/l and 0.09 g/l, respectively) to the stability areas at 90 °C. Also 4.3 
M sodium chloride is added to solution making the final chloride concentrations 5.1 M and 4.3 M respectively 
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Fig.2 E-pH diagram of aqueous copper chloride system at 90 °C with [Cu2+] = 0.41 M and [Cl-] = 5.1. Cupric complexes 

are ignored 
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 Collings [16] suggested that there might be some misestimating of the stability of 
some complexes. The complexation of Cu2+ is controversial. Fig.2 was calculated in a similar 
environment to that of Fig.1, assuming that cupric ions stay in ionic form and do not form 
complexes. 
 According to the Figure 2, the redox potential of Cu2+/[CuCl3]

2- is ca. 0.45 V vs. 
Ag/AgCl (0.65 V vs. SHE). The redox potential of [CuCl]+/[CuCl3]

2- in Figure 1 is ca. 0.35 V 
vs. Ag/AgCl (0.55 V vs. SHE). This shows that thermodynamically the redox potential of 
concentrated cupric chloride solution is higher, if Cu2+ is not forming complexes. The 
suggestion, that Cu2+ would not form complexes is supported by the experimental redox 
measurements, which showed redox potential values from 0.73 V to 0.90 V vs. SHE [15]. It 
must be noted that cupric ion can also be partly complexed. 
 
 

3. Chloride based processes 
 Chloride leaching has advantages compared to sulfate leaching of copper sulfides. 
Faster dissolution kinetics in chloride solution makes it possible to use atmospheric leaching and 
high solubility of metals makes it possible to use smaller solution volumes in subsequent steps. 
One major advantage is that almost all sulfur can be oxidized into elemental form [17]. The 
major difficulties are need of special construction materials due to corrosivity of chloride 
solutions leading to a relative high capital and maintenance costs for the plant. The most 
favoured lixiviant in chloride based processes is FeCl3 but also CuCl2 and BrCl and some 
combination of these are of the interest. The main chloride processes have been CLEAR, 
CYMET, Cuprex, Intec and HydroCopper®, from which CLEAR, CYMET and HydroCopper® 
use cupric chloride as the leaching agent. Also several laboratory studies for copper sulfide 
leaching have been carried out using cupric chloride solutions [1]. 
 Also mixtures, like sulfate-chloride lixiviants have been studied. Chloride addition to 
sulfate based processes has been shown to improve leaching kinetics and to allow leaching at 
lower temperatures. The main sulfate/chloride leaching processes are Antler Noranda, BHAS 
process and CESL process, which all oxidize sulfur into elemental form. Copper is recovered in 
these processes by solvent extraction / electrowinning. Chloride, nitrate and ammine based 
lixiviants have been used as well and specifically chloride leaching of copper sulfides has 
received a lot of attention in the past decades [1-4]. 
 Most of the chloride based processes can be grouped into three main classes: 

1) Processes that use chloride leaching, solvent extraction to sulfate solution and 
electrowinning from sulfate solution. 

2) Processes that use ferric chloride or cupric chloride to produce cuprous chloride 
solution. Copper is recovered by chemical precipitation. 

3) Processes that use ferric chloride or cupric chloride to produce cuprous chloride 
solution. Copper is recovered by electrowinning in diaphragm cells and leachant is 
regenerated at the anodes. 

 The electrowinning directly from chloride solutions usually does not produce solid 
cathode copper. The exchange current density of Cu+/Cu equilibrium in pure chloride solution is 
very high, 240 mA/cm2 [18]. According to the theories of Fischer [19] and Winand [20] on 
electrodeposition, the reaction inhibition is low and so the deposit morphology becomes easily 
powdered. The electrowinning of copper from chloride solutions often results in impure 
deposits. In a cuprous chloride solution, the discharged copper ions are monovalent, so the 
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electrochemical equivalent is half of that of divalent copper in sulfate solutions. The anodic 
overpotential of chloride evolution is 0.5-0.6 V lower than that of oxygen overpotential with 
lead anodes in sulfate solutions. The lower electrochemical equivalent of cuprous ion and lower 
anode overvoltage would significantly decrease the energy consumption. However, the current 
efficiency in cuprous chloride electrolytes is low if the electrolyte contains even small amounts 
of cupric ion. The cupric ion is a powerful oxidant and it will leach again the cathode deposit.  
 
 

3.1 CLEAR 
 Many chloride leaching processes were developed in the 1970´s, but only a few 
reached commercial scale like the chloride based CLEAR (Copper Leaching Electrowinning and 
Recycle) process. The CLEAR process was used commercially from 1976 to 1982 in Arizona, 
USA. The principles of the CLEAR process were reviewed by Dutrizac [21]. In the CLEAR 
process a two-stage counter current leach was used to achieve high copper extractions. The first 
stage used cupric chloride at atmospheric pressure at 105 ºC with 20 g/l CuCl2, 4 g/l FeCl3, 80 
g/l NaCl and 44 g/l KCl. The solution from the first stage leach was treated with metallic copper 
to ensure that all the copper was present as Cu+ [22]. After yielding a cuprous chloride solution 
the leaching solution was sent to copper electrowinning. The copper was electrowon from nearly 
saturated chloride solution. The electrowinning cell was of unique construction. Metal cathodes 
were suspended in the solution above a continuous conveyor belt within the tank. Non metallic 
anodes were suspended in diaphragm bags [23]. At the second leaching stage the residue from 
the first stage leach was re-leached at 150 ºC under 330 kPa O2 pressure using ferric ion as the 
leaching agent. Some sulfur was also oxidized to sulfate in that stage and it was removed by 
precipitation as gypsum (CaSO4) [1, 24]. 
 The copper that was produced in CLEAR process by electrowinning contained Ag 
and other impurities that necessitated its treatment as blister copper, i.e. it had to be melted, cast 
into anodes and refined electrolytically [22]. The commercial operation had several major 
problems including gypsum fouling in the tankhouse, silver contamination of the final product 
and washing of the final product. Due to the problems with the gypsum fouling, the final product 
could not meet London Metal Exchange (LME) specifications. Silver contamination of the final 
product and washing of the final product led finally to the situation that the process was not 
economically beneficial [1]. 
 
 

3.2 Cuprex 
 In the Cuprex process, the copper sulfide concentrates were leached with a sodium 
chloride and ferric chloride solution in two stages to produce a cupric chloride solution. Copper 
was extracted by solvent extraction and recovered as powder by electrowinning. The process 
used Metclor cells with DSA-type anodes, hollow titanium cathodes and cation selective 
membranes. Copper was deposited on the cathode and chlorine is evolved on the anode. Sodium 
ions transport through the membrane to the catholyte. The operating principle of the Metclor cell 
was quite close to that of the chlor-alkali diaphragm cell. Copper was deposited at current 
density of 1500 A/m2. The spent catholyte contained cupric, cuprous and sodium ions. Chlorine 
generated at the anode was recovered and used to reoxidize the cuprous chloride generated in 
catholyte during electrowinning. Recovered anolyte was depleted from copper and used again as 
anolyte [25]. 
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3.3 Intec Copper Process 
 The Intec Copper Process is a chloride based method of converting copper sulfides to 
high purity copper and elemental sulfur. The main components of leaching solution are sodium 
chloride and bromide. The lixiviant, BrCl2

- also known as “Halex™”, is produced anodically in 
the electrowinning cell. The leaching is carried out at atmospheric pressure using air as the 
oxidant. The process utilises a three-stage countercurrent leaching at 80-85 °C. Copper is 
leached in stages 1 and 2 and gold is leached in stage 3. The pregnant solution is purified in 
several stages. First all copper is converted to cuprous by contact with copper powder. Then 
silver is removed by an amalgam process using mercury and aluminium additions. The final step 
is neutralization with limestone to pH 4.0-4.5 to precipitate the residual impurities. The purified 
cuprous chloride - sodium halide solution contains 80 g/l Cu+, 250 g/l NaCl, 30 g/l CaCl, and 30 
g/l NaBr at 75 ºC. The solution is fed to an diaphragm cell where Cu dendrites are deposited on 
corrugated titanium cathode. The depleted catholyte permeates through membrane to anode, 
where lixiviant is formed and remaining copper is oxidized to Cu2+. At current densities of 1000 
A/m2 the cell voltage is 3.2 V. The current efficiency is 98%. Power consumption is 
approximately 1.4 kWh/kg. The dendritic copper produced from electrowinning is collected by a 
belt conveyor, washed and dried under inert atmosphere [26]. 
 
 

3.4 CYMET 
 CYMET was one of the first processes, which used chloride based leaching solution. 
The chalcopyrite concentrate was subjected to a two-stage countercurrent leach in FeCl3-CuCl2-
NaCl solution. Copper was precipitated as CuCl by vacuum crystallization and iron was rejected 
from solution as jarosites and various hydrous oxides during the second leaching stage. Cuprous 
chloride was washed free of the mother liquour, dried and reduced by hydrogen reduction in a 
fluidized bed reactor. Silica was used as a substrate for reduction. Finally the copper-silica 
product was smelted and cast to wire as bar-grade copper. Also in this process there was partial 
oxidation of sulfur to SO4

2-. The exact process data, such as process temperatures and solution 
concentrations are unfortunately very difficult to find [1, 22].  
 The CYMET process is reputed to have achieved the production level of 22.75 tonnes 
of copper concentrates per day. It was claimed that electrolytic-grade copper would be achieved, 
but that was not always the case. Also the operation of a fluid bed using hydrogen gas and 
cuprous chloride and generating hydrogen chloride gas posed some engineering problems. 
Additionally some corrosion problems were present. Substantial energy costs in the 
crystallization and the reheating of the mother liquor were problematic. This all together with 
the slump in the copper industry led to the shut down in 1982 [22].  
 
 

3.5 HydroCopper® 
 HydroCopper® is based on the good leaching properties of chalcopyrite in cupric 
chloride solution. The advantage of using chloride solution is its aggressivity as well as the 
stability of cuprous ion in the process solution. HydroCopper® is driven at normal pressure and 
at a temperature of 80-100 ˚C using stirred tank reactors and thickeners. The raw material used 
is chalcopyrite concentrate, which is leached in a chloride solution with the help of Cu2+, which 
is a very good oxidizer in a chloride environment. The pH is kept in between 1.5 and 2.5 with 
the help of oxygen purging. The typical total retention time for the concentrate is 10-20 hours. If 
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the oxygen purging rate is too high, the pH increases causing the precipitation of copper 
hydroxychloride. The process scheme and the chemical reactions of the HydroCopper® process 
are illustrated in Fig.3 [27].  
 

 
Fig.3 The chemical reactions of the HydroCopper® process [28] 

 

 

 Chalcopyrite can be oxidized in a chloride solution with the help of Cu2+ ions 
according to the reaction (6): 
 

 CuFeS2(s) + 3Cu2+
(aq) →  4Cu+

(aq) + Fe2+
(aq) + 2S0

(s) (6) 
 

 Ferrous ions are further oxidized by air to ferric, which precipitate as goethite 
(FeOOH) or hematite (Fe2O3). This results in the overall reaction (7). 
 

 CuFeS2(s) + Cu2+
(aq) + 3/4O2(g) + ½ H2O(l) →  2Cu+

(aq) + FeOOH(s) + 2S0
(s)  (7) 

 

 The other sulfides (Zn, Pb, Ni, Ag) are dissolved out of the concentrate into the 
solution e.g. by the reaction (8). 
 

 ZnS(s) + 2Cu2+
(aq) →  Zn2+

(aq) + 2Cu+
(aq) + S0

(s) (8) 
 

 In equations (6) – (8) Cu+ and Cu2+ represent the general oxidation state of the copper 
species and not the exact form of compound, since the copper ions may be present also in 
complex form. After the sulfides are dissolved, the oxygen purging increases the redox potential 
in the solution causing the leaching of gold as chloro-complexes [29]. Gold can be leached at 
potentials > 600 mV vs. Ag/AgCl [30]. Gold can be recovered by precipitating it on activated 
carbon or copper concentrate. 



Acta Metallurgica Slovaca, 13, 2007, 3 (447 - 459)                                                                                                         456 

 

 The solution from the leaching stage of the HydroCopper® process contains about 70 
g/l copper of which 60 g/l is Cu+ and 10 g/l is Cu2+. The solution can also contain some amounts 
of other metal ions, which have to be taken out from the solution in the solution purification 
stage. The solution purification stage consists of five stages: cupric and sulfate removal, silver 
removal by cementation, neutralization in which zinc, lead etc. are removed, ion exchange with 
impurity removal and Cu2O precipitation. At the Cu2O precipitation stage the precipitation is 
made with the help of sodium hydroxide, which is received from the chlor-alkali electrolytic cell 
(9). The solution purification procedure is shown in Fig.4. 
 

 2CuCl(s) + 2NaOH(aq) →  Cu2O(s) + 2NaCl(aq) + H2O(l) (9) 
 
 

 
Fig.4 HydroCopper® process – Solution Purification [31] 

 
 

 The product from the precipitation stage, cuprous oxide, is precipitated in two parallel 
reactors, producing octahedral crystals with particle size of 20-50 micrometers (p80). The slurry 
is washed and filtered on a vacuum belt filter. The filtrate is recycled to the chlor-alkali 
electrolysis, where the regeneration of chemicals occurs. The filter cake is fed into a belt 
furnace, which dries and reduces cuprous oxide to metallic copper at a temperature in the range 
of 650-850 °C with hydrogen-nitrogen flow (10). 
 
 Cu2O(s) + H2(g) →  2 Cu(s) + H2O(g)  (10) 
 
 The reduced copper plates formed are then discharged into the melting furnace, where 
molten copper is covered with a protective graphite cover and deoxidised. The copper quality is 
good and it can be cast in any form. [27, 28, 31-33] 
 
 

4. Discussions and Conclusions 
 The complexation in cupric chloride solution is advantageous, since the redox 
potential is sufficient for leaching sulfide minerals. According to the thermodynamic 
considerations and earlier studies, it is clear that cuprous ions form complexes in concentrated 
chloride solutions. Cuprous ion can be suggested to be present mostly as [CuCl3]

2- but also 
partly as [CuCl2]

-, in the environment similar to that of HydroCopper®. The complexation of 
cupric ion is more inconsistent, but it can be suggested that cupric ion is not totally in a complex 
form. With lower chloride concentrations Cu2+ may not form complexes. At high Cl 
concentrations [CuCl]+ or [CuCl3]

- and [CuCl4]
2- may be present. 
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 HydroCopper® is the only cupric chloride based process, which has reached the 
commercial scale for a long time. It reached the commercial scale on November 2006, when 
Outokumpu Technology Oyj and Erdenet Mining Corporation of Mongolia signed the design 
agreement of the first HydroCopper® plant [34]. CLEAR was operating in commercial scale on 
1976-1982, but the problems with the gypsum fouling in the tankhouse, silver contamination of 
the final product and washing of the final product led finally to the situation that the process was 
not economically beneficial and that the final product could not meet LME specifications. Also 
the operation of CYMET was shut down in 1982 as well, ostensibly because of the slump in the 
copper industry [1, 22]. 
 As HydroCopper® is compared to the CLEAR and CYMET, some improvements can 
be seen. The corrosion problems have been overcome in HydroCopper® by new materials like 
plastics, polymers, ceramics and composites, which allows HydroCopper® to use more 
concentrated chloride solutions than for example in CLEAR. The ability to use more 
concentrated solutions improves the dissolution rate and the cuprous complexation. More 
concentrated solutions allow also the decrease of the process temperature, which brings 
economical benefits in HydroCopper®. 
 Many of the hydrometallurgical processes, as CYMET and CLEAR, have had 
difficulties to keep sulfur in the elemental form. The proportion of S0 in both has been reported 
to be ca. 75 % [35]. HydroCopper® has been successful also in this area, since at least 95 % of 
sulfur can be remained in elemental form. 
 Both HydroCopper® and CYMET use hydrogen reduction for cuprous chloride to 
reduce copper: in HydroCopper® Cu2O is reduced in a rotary kiln to metallic copper whereas in 
CYMET CuCl was reduced in a fluidized bed reactor to metallic copper. The reduction 
operation in the rotary kiln in HydroCopper® is advantageous, since it produces only copper and 
water whereas fluidized bed in CYMET was generating hydrogen chloride gas, which is highly 
toxic and corrosive. 
 In HydroCopper® the effective 5 step solution purification starting from Cu2+ and 
sulfate removal, silver removal, neutralization, ion exhange and ending in Cu2O precipitation is 
a good base for high quality copper production. The quality of copper is higher than that 
achieved with CuCl crystallization and hydrogen reduction in CYMET or by electrowinning in 
CLEAR. CLEAR process was not meeting the LME specifications since the loss of silver to the 
final copper product was too high and washing of the final product was too difficult. CYMET 
did not reach always the electrolytic grade expected, which was due to the problems in the 
washing the cuprous chloride crystals. 
 One more economical benefit in HydroCopper® is that it does not need any re-
leaching stage at high pressure like in CLEAR. This is due to the effective three-step counter 
current leaching. It can be concluded that after the 1980´s a lot of development in the field of 
cupric chloride leaching has been carried out and that HydroCopper® seems to be a very 
promising hydrometallurgical technology for copper production. The unit processes used in 
HydroCopper® are not new, but the innovative combination of known unit processes makes 
HydroCopper® unique. 
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