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Abstract
Objective: To recover the copper remained in tailing sample of chalcocite due to its hazardous impact on
biota, in addition to the fact that primary sources are becoming scare and they are of high economic values.

Methods: In order to recover copper from tailing, herein, hydrochloric acid leaching followed by the
selective precipitation of copper has been studied. The parameters like acid concentration (1.0-2.5M),
sodium hypochlorite addition dosage (0.5-5.0M), temperature (25-55°C), time (1-Sh), agitation speed
(180-360rpm) and pulp density (2-14 wt./vol.%) were varied to determine the optimum condition of
leaching.

Results: According to experimental findings, metal-chloro complexes were effectively synthesized by the
addition of 0.5M hydrogen peroxide with 1.5M hydrochloric acid solution at 45°C, 3h of leach time and
260rpm that yielded approximately 99% of copper into the leach liquor. Afterward, the leach liquor was
treated for recovery of copper salt by adding a 300g/L solution of sodium hydroxide, precipitating Cu (OH),.

Conclusion: The current research potentially contributes to both ecologically and economically through
the hydrometallurgical processing of tailing sample for extraction of copper.
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1 INTRODUCTION a detrimental impact on environment because it is usually

Copper is considered as one of the most economically  operated in open pits and produces a huge amount of
important metals with demand expected to rise waste. The dominant causes of contamination in the
dramatically by 2050!"". Meanwhile, its mining also poses  surface environment include mine and mill activities,
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consist of grinding, concentrating ores, and dumping of
tailings"”. Typically, ore in excess of 150 tons must be
mined, crushed, concentrated using froth flotation, and
then extracted using various techniques depending on
whether the ore is sulphide or non-sulfide for production
of 1-ton copper”’’. The entire process results in massive
amounts of tailings, which are the ore residues after the
extraction of copper and are highly contaminated with
various hazardous metals such as Cd, Fe, Pb, and Zn
and metalloids along with Cu'*". These waste minerals
(known as tailings) are usually disposed of in massive
lagoons, which can also, in time, grow to be drained
thereby allowing entrance of oxygen and dissolution of
the minerals, a process frequently paralleled by intense
acidification'®’. Therefore, tailing sample is considered a
point source of copper contamination in food chain.

Copper toxicity, a rare condition that primarily
affects the liver, may arise from chronic or long-term
exposure to high levels of copper through contaminated
water as well as food sources, with its major symptoms
of diarrhea, headaches, and in severe cases, kidney
failure. As a result of a hereditary tendency to copper
accumulation in the liver, serious chronic liver diseases
such Wilson’s disease and Indian childhood cirrhosis
can occur”*. High levels of heavy metals such as copper
have been a concern in recent years due to mining
activities around mine sites, particularly at mine waste
disposal sites”'"). In order to mitigate the mine waste
dumpsites associated hazards of copper on ecosystems
and human health"*"* appropriate management of
tailing sample is urgently required. The chalcocite
mining and smelting have led to chronic exposure of
copper in soil, water, plants, animals, and humans'"".

Moreover, the extraction of copper from tailing sample
also contribute to economic development, as copper is major
industrial metal with useful properties include high thermal
and electrical conductivity, low corrosion, alloying ability,
and malleability. The current increasing industrial demand
for copper and the restricted availability of natural minerals
make tailings samples a potential alternative resource. The
present study was undertaken for processing of chalcocite
tailing sample for efficient extraction of copper.

2 MATERIALS AND METHODS

In this study, Skg sample of chalcocite tailing was
collected from Shanxi China. After receiving the samples,
they were smoothly homogenized by manual stirring and
saved for leaching studies. To confirm the composition
of the tailings samples, wet chemical digestion was
performed by using aqua regia (hydrochloric acid (HCI)
+ nitric acid). After digestion, the filtrate was analyze
with Atomic absorption spectrometer for determination of
chemical composition of tailing sample as given in Table 1.
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Table 1. Elemental Analysis of Tailing Sample before
Leaching

Elements % Age Composition
Cu 091
Fe 434
S 0.035
Sio, 58.46
Others 36.2

A fixed amount of sample was taken in a glass beaker
of 500mL that consist of a predetermined concentration of
HCI diluted in deionized water along with maintenance of
required pulp density (solid-to-liquid ratio). At a certain
temperature, the acid solution was pre-heated on the
magnetic hot plate cum stirrer (Robus-RTH-340, United
Kingdom) and the tailing sample was charged under the
stirring condition as maintained by the batch studies using
a magnetic paddle. Once the leaching experiment was
completed, the slurry was filter out by using Whatman-40
filter paper and Buckner funnel. After filtration, the
residue on the filter paper was washed twice with hot
water, and air dried and kept for analysis. In order to
analyze the metal ions liberated from the tailing sample
during leaching operation, the filtrate (leach liquor) was
properly diluted. The leaching efficiency of metals ions
(in %) from the chalcocite tailing sample was determined
by the reading of atomic absorption spectrometer analysis
(SP-IAA4530, China) along with the difference in mass
fraction between input metal in sample and output metal
in leach liquor, as follows:

% leaching = (Z—ZL* 100) (1)

where MIS and MLL are metals’ input from sample
and output in leach liquor (on absolute basis in gram),
respectively.

For achievement of recovery process, the leach liquor
produced at optimum conditions of leaching studies of
tailing sample contain (890mg/100mL) was used for the
precipitation studies. To keep the mother liquor volume at
only 10% of the leach liquor, 1L of leach liquor was initially
heated to 190°C for evaporation. Thus, obtained solution
enriched with metal ions (890mg/10mL) was used for the
succeeding precipitation studies. A 250mL glass beaker was
filled with 100mL of mother liquor. After preheating the
solution to 40+2°C, 50mL of the desired concentration of
sodium hydroxide solution was immediately added while
being vigorously stirred by the magnetic paddle. After
injecting the precipitant solution, the stirring was given for
the next 60min, and the filtrate was then heated. After being
dried for a night at 90°C, the precipitate was recovered,
cleaned with distilled water, and collected for analysis.
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3 RESULTS AND DISCUSSION
3.1 Leaching Studies of Chalcocite Tailing
3.1.1 Effect of Acid Concentration on Leaching Exper-
iment

In order to examine the effect of lixiviant concentration
on leaching efficiency of copper from chalcocite ore
sample, the leaching experiment was performed at
different acid concentrations (1M, 1.5M, 2M, 2.5M) by
keeping other parameters constant (1.5% pulp density,
5h, 45°C temperature, 400rpm and 0.5M oxidant
concentration). During the leaching experiment, a chlorine
gas odor was observed.

4HCl - 2Cl, + 4H* (2)

This chlorine gas could dissolve chalcocite as shown
in equation

CuzS + 2Cl, - 2CuCl, (3)

The acid concentration has an important role in the
leaching of copper from chalcocite. The concentration
of HCI was varied in the range of 1 to 2.5M by keeping
other parameters constant. Figure 1A depicts the
increased leaching of dissolved copper from dolomite
as the concentration of acid was increased from 1 to
1.5 M. The chlorite ion’s oxidation potential rises in
proportion to the concentration of hydrogen ions. In the
presence of an oxidizing agent, the addition of chloride
ions improves the leaching of chalcopyrite and produces
a more stable cuprous chloride. Cu’* ions were more
stable in acidic media. When the concentration of HCI
is further increased, the leaching efficiency of copper
decreases because the leaching of copper in highly
acidic media leads to an increase of chloride ions in
the solution and the formation of a porous layer on the
reaction surface, which inhibits further penetration of the
reagent in the particles'®.

3.1.2 Effect of Pulp Density on Leaching Experiment

Effect of pulp density on leaching efficiency of copper
from chalcocite ore sample was studied. The leaching
experiment was performed at various pulp densities
(2%, 4%, 6%, 8%, 10%, 12% and 14%) by keeping
other parameters constant (1.5M acid concentration,
0.5M oxidant concentration, 400rpm, Shrs and 45°C
temperature) as indicated in Figure 1B. It depicts that
when the pulp density was varied from 2 to 10% by
keeping other parameters constant, the leaching efficiency
of metal was high because the available surface area per
unit volume of the solution was higher and 56% copper
was leached from chalcocite ore. After the pulp density
increased above 10%, the efficiency of copper was
decreased because the available surface per unit volume
was decreased''”’. More increase in pulp density will cause
difficulties for agitation, slurry filtration etc"”.
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3.1.3 Effect of Temperature on Leaching Experiment

Effect of temperature on leaching of copper from
chalcocite ore was inspected and leaching experiment
was performed at different temperatures (25°C, 35°C,
45°C and 55°C) by keeping other parameters unvaried
(1.5M acid concentration, 0.5M oxidant concentration,
10% pulp density, 400rpm and 5h contact time). The
outcomes revealed in Figure 1C that when temperature
was kept constant from 25°C to 45°C, the copper
leaching efficiency increased and 56% of copper was
leached from the tailing sample. The high copper
extraction at high temperature may be attributed to the
increase of the mass transfer coefficient and diffusivity
as the increase in temperature''”’.

3.1.4 Effect of Contact Time on Leaching Experiment
Time has a significant effect on leaching efficiency,
hence its effect was examined at different time intervals
(1, 3, 5, 7 and 9h) by keeping other parameters constant
(1.5M acid concentration, 10% pulp density, 0.5M
oxidant concentration, 400rpm and 45°C temperature).
The result demonstrated in Figure 1D that when contact
time changes from 1 to 3hrs, the leaching efficiency of
copper was increased and 64% copper was leached out.
These results corroborated with a direct consequence of
the prolonged exposure of the mineral surface to the acid
medium. After that leaching efficiency of copper was
gradually decrease, which may be due to decrease of

. 2
available surface area of ore™™.

3.1.5 Effect of Agitation on Leaching Experiment

For a heterogeneous reaction, proper mixing is vital
for complete transfer of solid mass into liquid. Hence, the
effect of agitation speed was examined at various stirring
speed (180, 220, 260, 300 and 340rpm) by keeping other
parameters constant (10% pulp density, 0.5M oxidant
concentration, 1.5M acid concentration, 45°C temperature
and 3hrs contact time). The result revealed that the
dissolution rate increased when the agitation speed was
varied from 180 to 360rpm and 77% copper was leached
from chalcocite ore as shown in Figure 1E. This may be
attributed to the fact that agitation of the leaching solutions
improved the mass transfer and accelerated the leaching
of copper. The agitation reduces the liquid film thickness
formed around the ore particles, the diffusion through the
boundary layer of the leach reagent toward the external
surface of the particle”™. Hence, the agitation speed of
260rpm was optimized and kept constant throughout the
experimental sets.

3.1.6 Effect of Oxidant on Leaching Experiment
Sodium hypochlorite (NaOCIl) concentration has
prominent effect on leaching of copper from chalcocite.
In order to explore the effect of oxidant concentration
on leaching efficiency, an experiment was carried out
at different concentrations (0.5M, 1.5M, 2.5M, 3.5M,
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Figure 1. Effects of acid concentration (A), pulp density (B), temperature (C), time (D), agitation speed (E) and oxidant

concentration (F) on % extraction of copper.

4.5M) by keeping other parameters constant (1.5M acid
concentration, 10% pulp density, 400rpm, 3h and 45°C
temperature) as indicated in Figure 1F.

Figure 1F depicts that leaching efficiency of copper was
maximum at 0.5M due to production of chlorine gas that

readily dissolve copper according to following equations:

NaOCl + 4HCI - 2Cl, + 2NaCl + 2H,0 (4)
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This chlorine gas could dissolve chalcocite as shown
in Equation (5):

Cu,S + 2Cl, - 2CuCl, (5)

Overall reaction of dissolution of chalcocite can be
represented as in Equation (6):

Cu,S + 2NaOCl + 4HCl - 2CuCl, + 2NaCl + 2H,0 + S (6)
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Figure 2. Multistage leaching of copper on % extraction of
copper.

A further increase in oxidant concentration, on the
other hand, leads to a decrease in leaching efficiency, as
more chloride ions are present in the solution and form
a porous layer on the reaction surface, thus inhibiting
further penetration of the oxidant in the particles".

3.2 Multistage Leaching Experiments

After the optimization of leaching parameters,
multistage leaching experiments were performed for
the maximum recovery of copper. The residue from
multistage leaching was used multiple times and all
the experiments were performed in one flask. The first
experiment was performed at optimum conditions, i.e.,
1.5M acid concentration, 10% pulp density, 0.5M NaOCl
for 3h with 260rpm at 45°C. After leaching, the solution
was filtered and the remaining residue was washed with
water. Thereafter, the residue was subjected to a second
leaching under optimized parameter conditions. The
cumulative leaching of copper was 99% as shown in
Figure 2.

3.3 Chemical Precipitation

Before adding the precipitant solution of various
concentrations, the mother liquor, which comprised
of copper (890mg/100mL), was heated to a preset
temperature of 40+2°C. The mother liquor was exposed
to a solution of sodium chloride at a concentration of
50g/L to 300g/L while stirring vigorously for a contact
time of 60min. The outcomes depicted in Figure 3 show
that by increasing concentration of sodium hydroxide
in the solution, the precipitation of bluish green copper
compounds also increased. It was found that copper
could be quantitatively precipitated out as Cu(OH),
(>98%) from the leach liquor using a solution of 300g/L
sodium hydroxide as shown in Figure 3. Before drying,
the precipitates were filtered and cleaned with distilled
water. The following reactions can be used to describe
synthesis of end product™:

CuCl, + 2NaOH © Cu(OH), + 2NaCl (7)
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Figure 3. Effect of sodium hydroxide concentration on %
precipitation of copper.

The composition of leach liquor after precipitation is
shown in Table 2.

Table 2. Elemental Analysis after Precipitation

Elements % Age Composition
Cu 0.125
Fe 3.87
S 0.035
SiO, 61.01
Others 36.1

The entire flowsheet of process is decorated in Figure 4.

1.5 M HCIl; H,0, addition, 0.5

Ground A\ M; pulp density, 10%;
PR BT  temperature, 45 °C; rpm, 260;
2 a‘nd time, 3 hrs

Ly
‘ Acid leaching ‘
G Leach slurry

L ——
@ Leach liquor

| Evaporation

NaOH;50-300g/L
-{,L Mother liquor .- ‘

| Cu-precipitation

{} Crystallization

Figure 4. Flowsheet for processing of chalcocite tailing
sample.

4 CONCLUSION

The potential for extraction of copper from chalcocite
tailing sample has been determined using the acidic
leaching process. With 1.5M HCI, copper leaching
was found to be more than 45%; however, when 0.5M

J Mod Agric Biotechnol 2023; 2(1): 4



NaOCI was introduced to the solution, the leaching of

copper considerably increased to 77%. The optimal

conditions for leaching were: acid concentration of

1.5M HCI, hydrogen peroxide addition of 0.5M, pulp
density of 10%, temperature of 45°C, speed of 260
and time of 3h, which make it possible to leach 98%
of copper into the HCI solution in two stages. For the
recovery process, leach liquor was treated with sodium
hydroxide for precipitation of copper. At 40°C and a
range of precipitant concentrations (50-300g/L sodium
hydroxide), more than 98% of the copper was produced
as Cu(OH),.
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