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This research developed a process to separate arsenic from copper concentrate using flotation and

oxidation treatment, producing a clean copper concentrate that contains a minimal amount of arsenic.
This will decrease arsenic emissions and minimize the pollution of the environment with arsenic.

This study successfully demonstrated the process of separating copper from
minerals containing arsenic via flotation and oxidation treatment using hydrogen peroxide. The
research included the basic investigation and practical implementation of the oxidation treatment on

copper-arsenic concentrate, ranging from small-scale laboratory experiments to larger-scale bench
experiments. This research demonstrated the ability to decrease the arsenic level in the final
copper concentrate to a value lower than the threshold for processing copper concentrate with
arsenic, which is set at 0.2%. Moreover, this research proposes a method for generating a purified
copper concentrate from copper concentrate that contains arsenic.

Mineral processing and flotation
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Arsenic is an undesirable element in copper concentrate because of its toxicity and
detrimental effects on human health and the environment, which diminishes the quality and
value of the copper concentrate. Prior research conducted by Suyantara et al. (2020, Minerals
Engineering, 152) has demonstrated that the application of oxidation treatment in selective
flotation is a highly promising method for effectively separating arsenic-bearing copper
minerals (enargite and tennantite) from primary copper sulfide minerals (chalcopyrite and
bornite). Nevertheless, there is a scarcity of research on the specific separation of copper
minerals containing arsenic and secondary copper sulfide minerals, such as chalcocite.
Furthermore, there is a lack of detailed reports on the implementation of oxidation treatment
for a copper-arsenic concentrate with higher complexity.

The aim of this research is to examine the effect of oxidation treatment using
hydrogen peroxide (H202) on the floatability of chalcocite and enargite, both in the absence
and presence of potassium amyl xanthate (KAX). This research examined the use of H20:
treatment in the process of selectively separating chalcocite and enargite using flotation. In
addition, this research investigates the impact of H202 treatment on the separation of arsenic
and copper sulfide minerals in a complex copper-arsenic concentrate. This research aimed to
identify the optimal conditions for producing a copper concentrate with minimal arsenic
contamination and the greatest copper grade.

Pure chalcocite and enargite were crushed, hand-picked, dry-ground, and dry-sieved
to obtain a particle size of 38-74 um. Both chalcocite and enargite were mixed and then
treated with KAX and various concentrations of H202 at pH 9 for 1 hour. The flotation test
was carried out using a Partridge-Smith flotation glass cell and nitrogen gas. The froth was
collected for 6 minutes, and the recovery was calculated based on the weight fraction of the
dried froth.

A complex copper-arsenic concentrate was prepared with a pulp density of 37%
(w/w). The suspension was agitated in Fahrenwald flotation equipment for 1 hour.
Subsequently, the oxidation treatment was performed using 0.1 M H20: for 1 h. KAX was
added, and the flotation test was performed. The froth concentrate was collected for 30
minutes and dried. The copper and arsenic recoveries were calculated and reported in this
study.
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Figure 2 shows the effect of H202 oxidation treatment on the floatability of copper
and arsenic sulfide minerals in a complex copper-arsenic concentrate. Figure 2 shows that
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Figure 1. Effect of H202 treatment on
the recovery of mixed chalcocite and
enargite.



the recoveries of total copper, arsenic, and non-arsenic copper after treatment with 60 g/t of
KAX increased with increasing pH. The recovery of arsenic significantly improved by 29%
after increasing the pH value from 9 to 10. The recovery of arsenic was 99% after treatment
with 60 g/t of KAX at pH 10. The recovery of non-arsenic copper after increasing the pH value
from 9 to 10 increased by 17%, which is significantly lower than the improvement in arsenic
recovery. This is likely due to the more rapid adsorption of KAX onto the surface of arsenic-
bearing copper minerals compared to that onto the surface of copper sulfide minerals at a
higher pH value (alkaline condition).
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Figure 2. Effect of H20: oxidation treatment on the floatability of copper and arsenic
sulfide minerals in a complex copper-arsenic concentrate at various pH conditions.

As shown in Figure 2, the optimum conditions (33%) for separating copper sulfide
and arsenic-bearing copper minerals using 60 g/t of KAX was at pH 10. The Newton efficiency
decreased at pH 11. This is due to a higher recovery of non-arsenic copper and the maximum
recovery of arsenic. The arsenic level sharply decreased from 2.32% at pH 9 to 0.14% at pH
10 and 0.06% at pH 11 after treatment with 60 g/t of KAX and 30 min of flotation. These
results indicate that producing a copper concentrate with a lower grade of arsenic, that is,
lower than the penalty limit of 0.2%, is possible using the KAX treatment at the pH values
of 10 and 11. These results demonstrate that KAX treatment under higher pH conditions can
produce a “clean” copper concentrate with a lower arsenic grade. However, it should be noted
that the grade of copper also decreased with increasing pH, that is, from 25% at pH 9 to 17%
at pH 10 and 15% at pH 11.

Figure 2(B) presents the effect of oxidation treatment using a 0.1 M H202 aqueous
solution and adding 60 g/t of KAX under various pH conditions on the recoveries of total
copper, arsenic, and non-arsenic copper and Newton efficiency. The recovery of arsenic
reached its maximum after 30 min of flotation
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that oxidation treatment using H202, followed
by the addition of KAX at a higher pH was less
effective for separating copper and arsenic-
bearing copper minerals.

Based on these flotation results, we proposed a new process to separate copper and
arsenic-bearing copper minerals via flotation, as shown in Figure 3. Selective flotation
produces a “dirty” copper concentrate, which contains copper with high-grade arsenic, and a
“clean” copper concentrate, which contains copper with low-grade arsenic in the tailing. The
“dirty” copper concentrate can be further processed to extract copper from arsenic-bearing
copper minerals, whereas the “clean” copper concentrate can be processed in smelters.

Figure 3. Proposed selective flotation
process for the separation of arsenic and
copper concentrate.
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