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The purpose of the study was to improve the recovery of copper minerals from
carbonaceous sulfide ore, containing a significant amount of organic carbon that causes a
detrimental effect on copper recovery. The initial copper, iron and organic carbon grades
in the ore sample were 2.09 mass%, 4.83 mass% and 0.87 mass%, respectively. An
experimental design that was allowed to optimize the removal of organic carbon and the
recovery of copper consisted of a two-stage flotation process. The pre-flotation process
was dedicated to separate organic carbon from the sample with methyl isobutyl carbinol.
The next stage followed was rougher flotation aimed at improving recovery and grade by
testing the effect of potassium amyl xanthate and sodium oleate. Results showed that an
overall 93.65% maximum recovery of copper could be achieved when using sodium
oleate in the Dsp:4 pm particle size.

INTRODUCTION

Over the years, the mineral resources of sulfide ores have faced depletion of high-grade ores coupled
with significant challenges in the efficient processing of complex mineral characterisation. In
particular, carbonaceous sulfide ores are the second-largest deposits that contain significant amounts
of copper reserves with organic carbon and inorganic carbon (Yang et al., 2013). The presence of
organic and inorganic materials is detrimental to the recovery of copper because of their competing
hydrophobic properties. Famous carbonaceous sulfide ores that have been documented include the
KGHM Polska Miedz S.A in Poland, Zinifex Century in Australia and Carlin gold mine in Nevada of
USA (Foszcz and Drzymala, 2011; Gredelj et al., 2009; Yang et al., 2013). An effective and economically
viable means of processing these ores has become important to the mineral industry.

The flotation process is a commonly used method for upgrading ores by utilizing the difference in
hydrophobicity and hydrophilicity properties of minerals. The properties that govern the floatability
of minerals can be modified using chemical and physical methods. Because collectors are adsorbed at
the solid/liquid interface, they are used to promote successful attachment of valuable particles to a
bubble to form stable bubble aggregates (Bulatovic, 2007; Kowalczuk et al., 2015). The frother is used
on the liquid/gas interface to stabilize the bubble attachment in the pulp in the froth layer, and
therefore to enhance the efficiency of flotation process. Additionally, particle size is also considered
for the separation of gangue minerals from valuable minerals.
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In the flotation processing of carbonaceous sulfide ores, it is important to separate organic carbon
from copper sulfides to improve their quality and recovery. The aim of this study focused on a two-
stage flotation process that involves: 1) a pre-flotation stage that is used to separate copper from

organic carbon by using methyl-isobutyl carbinol (MIBC) only; 2) determining the recovery and grade
of copper using two different collectors.

EXPERIMENTAL

Material and Methods

The carbonaceous sulfide ore sample used in this study was initially stored in a freezer to minimize
oxidation effects. The sample was firstly allowed to thaw and then was ground by ceramic ball mill.
The average particle size of the sample used was 26 um (Dso) which was estimated by a wet-type size
distribution analyzer (Microtrac MT33001l) (Figure 1). The minerals of the ores were determined by X-
ray diffraction (XRD, RINT-2200v, Rigaku). Calcite (CaCOs), dolomite (Ca,Mg(COs)2), quartz (SiO»)
and carbon (C) were identified as the main constituents in the sample (Figure 2).
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Figure 1: Particle size distribution of the carbonaceous sulfide ore.
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Fiqure 2: X-ray diffraction pattern of a carbonaceous sulfide ore.
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The chemical composition of the sample was determined by inductively coupled plasma-optical
spectrometry (ICP-OES, SPS5510 SII Hitachi High-Tech Science Corporation, Japan) and X-ray
fluorescence spectrometry (XRF, ZSX Primus II Rigaku). Results shown in Table I indicate that the
sample contained 1.89 mass% copper (Cu), 4.83 mass% iron (Fe) and 38.6 mass% SiO.. The organic
carbon in the sample was analysed by Nittetsu Mining Co. Ltd. The organic components appearing in
the sample are the main concerns for the recovery of copper as they determine their enrichment and
recovery.

Table 1: Chemical composition of the carbonaceous sulfide ore.
Al Ca Cu Fe Mg 510, Org. C | Inorg. C
Grade (mass %) 1.84 12.16 1.89 4.83 4.03 38.6 0.89 4.47

Flotation

Flotation experiments were carried out using a mineral separation flotation machine (US 590-001C).
The sample was mixed with water to adjust the solid concentration to 1:10 pulp density ratio and
conditioned in a 0.25 L flotation cell. To reduce the impact of organic carbon in the recovery of copper,
an initial pre-flotation method was carried out using MIBC as a frother for concentrating organic
carbon from the ore sample. This reagent is important because of its hydrophobic interactions with
organic carbon.

The second stage, otherwise known as the rougher flotation stage, involved the study of the influence
of two different collectors, potassium amyl xanthate (PAX) and sodium oleate (NaOL), on the
recovery and upgrading of copper from the tailings resulting from pre-flotation of carbonaceous ore.
Some parameters that were kept constant were pulp density of ratio 1:10, 5 and 10 minutes
conditioning and flotation time, respectively, and 700 rpm stirring speed.

RESULTS AND DISCUSSION

Pre-Flotation Results

Flotation tests were carried out to investigate the influence of MIBC and particle size on the flotation
separation of Cu from organic carbon (Org. C) present in the carbonaceous sulfide ore. The results are
given in Figure 3. In the pre-flotation stage, MIBC was used to render the organic C hydrophobic to
discharge into the froth/concentrates while Cu would be left in the tailing that would be taken to
rougher flotation cell. It can be seen in Figure 3a that the largest particle size of 100 pm had the least
amount of organic carbon that reported into the tailing to be used for further process. The maximum
recovery for Cu, however, was recorded in the particle size fraction of Dsp: 4 pm with 95.89%. The
results were not far from the 93.11% Cu recovery obtained for Ds: 100 pm.

Figure 3b shows the recorded quality grade of the tailing products obtained from the pre-flotation
stage. It was possible to establish that the use of MIBC in the flotation of carbonaceous sulfide ores
produced tailings with reduced amount of Org. C. Organic carbon was removed with concentrates
because it is easily floatable in water; however, some of the copper minerals were also lost owing to
their easy floatability.

Rougher Flotation

The rougher flotation stage was carried out under the following conditions; 10 min flotation, 5 min
conditioning and 700 rpm agitation speed. To concentrate Cu, two separate reagents, PAX and NaOL,
with dosages of 100 g/t were used. Figure 4 shows the recovery of Cu and Org. C in the concentrates
obtained when using PAX (Figure 4a) and NaOL (Figure 4b). It can be seen that NaOL showed the
highest recoveries of Cu compared with PAX; however, the remaining Org. C that followed from the
pre-flotation stage was recovered, showing a less desirable separation from the Cu minerals of
interest.
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Figure 3: Influence of MIBC and particle size on (a) recovery and (b) grade.
(400 g/t MIBC; flotation time: 10 min; pulp density: 1:10 ratio; slurry pH 8; 700 rpm stirring speed).

The results shown in Figure 5 show an improved grade of Cu in the concentrate. According to Figure
5a, Cu was upgraded to 5.29 mass% when using the Dsp:4 um particle size sample. An average of 4.41
mass% Cu was obtained when using NaOL in the aforementioned particle size. The results indicate
that it is feasible to improve the grade of Cu while using either PAX or NaOL, but the recovery marks
a threshold in the type of reagent to use in the experiment.

a) b)
100 100
90 OCu ®HOrg.C 90 - R OCu B8OrgC
%0 | J I DR
. 20 | 70 Org.C
£ 60 1 £ 60 1
o g
- =
Q 50 4 Cu C“ Q 50 A
& 40 % 40 |
30 - 30 -
20 - 20 -
10 4 10 A
0 0 .......... >
) ' 100 4
Particle size, pm Particle size, pm

Figure 4: Effect of collector on recovery of copper and organic carbon. (a) PAX influence on recovery of Cu and
(b) NaOL. (400 g/t MIBC; flotation time: 10 min; pulp density: 1:10 ratio; slurry pH 8;
700 rpm stirring speed).
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Figure 5: Influence of (a) PAX and (b) NaOL on grade of copper and organic carbon. (400 g/t MIBC; flotation
time: 10 min; pulp density: 1:10 ratio; slurry pH 8; 700 rpm stirring speed).

Figure 6 shows the final optimized conditions selected when Dso:4 pm particle size was chosen for the
two-step flotation process using NaOL as a collector in the rougher flotation stage. According to the
observations made, some chalcopyrite peaks were observed in the final concentrate. The Cu mineral
was not observed in the pre-flotation tailing, which could be explained by its low concentration in the
sample. The laboratory experiments conducted showed that the upgrading of copper from
carbonaceous sulfide ore in the two-stage flotation is possible.

e : Chalcopyrite(CuFeS,)
® ¢ : Calcite,(Ca(CO)
Tr A : Quartz, (Si0,) Final Concentrate
4 - LA | m: Dolomite -
A (Ca,Mg(CO;),

Pre-tlotation tailing

) 4+ [

ey

A
TS Feed
A p A, o . | Y . -..AL'L o M P
10 20 30 40 20, deg 50 60 70 80

Figure 6: X-ray diffraction pattern of products of flotation of carbonaceous sulfide ore.

Based on the experimental results, a flowchart is proposed for the recovery of Cu from carbonaceous
sulfide ores, as shown in Figure 7. The copper grade reached a maximum of 4.41 mass% and recovery
of 95.67% using NaOL of Dsp:4 pm particle size. In contrast, 66.32% of Org. C was recovered to the
final concentrate. This observation indicated that an average copper recovery (93.65%) containing Org.
C (54.83%) was achieved in a two-stage flotation process. The presence of the naturally hydrophobic
organic carbon is the limiting factor for copper grade quality.
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Figure 7. Proposed flowchart for the recovery of Cu from carbonaceous sulfide ore.

CONCLUSION

The two-stage flotation described in this paper confirmed an effective recovery of copper when MIBC
was used in the pre-flotation of carbonaceous sulfide ore; however, despite the improved grade when
using NaOL in the second stage, the presence of organic carbon, as confirmed by chemical analysis,
showed a compromised quality of concentrate. A major contributing factor to the difficult separation
of this is the natural hydrophobicity.

Further studies on an additional cleaner cell are considered for the effective recovery and upgrading
of copper from carbonaceous sulfide ore. It becomes now necessary to evaluate the economic benefits
of considering a multiple flotation stage for recovering copper from carbonaceous sulfide ores.
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