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Abstract: Heavy metal-containing waste has become one of heavy environmental problems. Processing of such
waste accumulated at waste dumps to extract valuable components is commercially beneficial activity and, in
addition, decreases environmental impact. In this study, Lewatit MonoPlus TP 207 (TP 207) ion exchange resin
was evaluated for its suitability for selective removal of cobalt (Co) and copper (Cu) from mine waste waters,
generated by heap leaching waste materials at a Chilean copper mine. In series of laboratory scale fixed-bed ion
exchange column tests, the effects of process parameters, such as waste water flow rate and regenerant (sulfuric
acid) concentration, were studied in both waste water treatment by the ion exchange resin process and the resin
regeneration (metals eluting) process. The regeneration process tests were performed using 1 % and 10 % sulfuric
acid. The best separation of the metals (in the eluting process) was achieved with regeneration of TP 207 resin
using 1 % sulfuric acid at flow rate of 1 bed volume per hour (BV/h).
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1. Introduction

Copper is a metal of choice for technolo-
gists and important metal with wide range of in-
dustrial applications such as plumbing, electro-
plating, manufacture of wires/cables for various
industries, building, machine building, etc. [5].
Chile is the main copper producer in the world,
which satisfies more than 30 % of the world
supply [4]. For the latest century, in El Salvador
mining district, tailings were disposed not only
around mine pits [3], but also over the shore [7].
This has resulted in formation of large tailings de-
posits in this area [9]. With time, these tailings
have been exposed to atmosphere action that re-
sulted in weathering, oxidation, and formation of
1-2 m thick low-pH (2.6—4) oxidation zone in up-
per layer of the tailings. Atmospheric leaching of
the zone material results in leaching of bivalent metal
cations, such as Cu?*, Ni?*, and Zn?* in concentra-
tions up to 2265 mg/l, 18.1 mg/l, and 20.3 mg/I,

respectively, in the mine tailings drainage wa-
ters [7]. This is very dangerous situation because
these heavy metal concentrations are much above
the approved maximum concentration limits.
During past decades, many methods have
been implemented to remove heavy metals from
the drainage waters. Among many classical and
modern techniques, ion exchange method has
unique advantages such as high metal recovery
rate, ion selectivity, lesser slurry generation, the
meeting strict discharge environmental specifica-
tions, etc [1]. Modern ion exchange resins are pro-
duced from synthetic polymer substances such as
styrene-divinyl-benzene copolymers [6]. Syn-
thetic ion exchange resins have relatively large
pores, that facilitates the exchange process [8].
Thus, the purpose of this study is to test
modern ion-selective ion exchange resins for se-
lective removal and separation of heavy metals
from mine drainage water generated from Chilean
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heap leaching residuals. Correct selective extrac-
tion of these metals may be profitable for the mine
due to minimizing remediation costs and decreas-
ing environmental impact (and, thus, environmen-
tal payments/fines). Among other valuable metals
in these leaching residuals, cobalt should be high-
lighted, whose price has significantly increased
over the latest several years [2]. This study will be
specially focused on separation of cobalt from
copper when extracting from the mine drainage
waters.

2. Experimental research

The material used to generate mine water in
this study was collected from heap-leached stock-
pile at a Chilean copper open pit. This material
was mixed with double-distilled water, and the
mixture was stirred several times for three days to
produce final water for the testing. The ion ex-
change column unit comprised polyvinylchloride
(PVC) column 2.5 cm in diameter and 12 cm high
connected with peristaltic pump. A bed volume
(BV) was 10 ml and it was injected into the mate-
rial of initial wet ion exchange resin loaded into
the column. All fittings and pipework were made
of polyethylene. The mine drainage water was
pumped into the column in up-flow direction by
the peristaltic pump at controlled flow rates
(1 BV/h =10 mi/h; 6 BV/h =60 ml/h). The water
was sampled at the column outlet at regular time
intervals and was analyzed for cations using
MP-AES method. After the water treatment (ad-
sorption) cycle, the columns were regenerated
(for eluting the metals) by either 1 or 10 % (w/w)
sulfuric acid solution. These concentration ranges
were chosen based on the resin product specifica-
tion provided by LANXESS. The backwash and
regeneration were performed by sulfuric acid so-
lution, which was pumped from bottom to top into
the column at flow rate of either 1 BV/h or
6 BV/h.

3. Findings and Discussion

3.1. Tests on metal sorption on TP 207 ion
exchange resin column

Fig.1, a shows the curves of copper and co-
balt concentrations in contact with TP 207 resin at
flow rate of 10 ml/h (1 BV/h). Initial increasing of
cobalt concentration was observed at around
70 BV and achieved peak value of 28.8 mg/l at
137 BV. Then the concentration of cobalt de-
creased and reached the initial concentration at
228 BV. Thereafter the concentration fluctuated
around the initial value. Cobalt was adsorbed be-
tween 0 — 70 BV and then desorbed until the end
of the process. The test continued overnight.
Therefore, no samples were taken in interval be-
tween 85 — 130 bed volumes. Copper concentration
growth started at 160 BV and reached peak at
225 BV. Afterwards copper concentration fluctu-
ated around the initial level. This test lasted
12 days to reach completing copper sorption.
Fig. 1, b shows similar curves for copper and co-
balt concentrations in contact with TP 207 ion ex-
change resin at flow rate of 60 ml/h (6 BV/h). The
test continued overnight, and no samples were
taken in interval between 48 — 129 BV. Initial in-
creasing of cobalt concentration was observed at
about 45 BV, and peak value was achieved at
around 115 BV. After 129 BV cobalt was de-
sorbed from the resin. After 195 BV the flow was
stopped for twelve hours. After the interruption
(at 197 BV), significantly higher cobalt concen-
tration (32.7 mg/l) was observed. Copper concen-
tration growth started at about 115 BV, and then
copper was desorbed from the column up to
reaching peak concentration at 225 — 240 BV. No-
tice that during the flow interruption for twelve
hours at about 197 BV, copper concentration
dropped from 101.7 mg/l to 49.8 mg/Il. The resin
could adsorb 417.5 mg of copper during the test
process.
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Fig. 1. Curves of cobalt and copper concentrations in contact with TP 207 ion exchange resin:
a — flow rate = 10 ml/h (1 BV/h); b — flow rate 60 mi/h (6 BV/h)

3.2 Column TP 207 ion exchange resin re-
generation (metal elution) tests

Fig. 2, a shows the column TP 207 ion ex-
change resin regeneration (using metal leaching
(eluting) by 10 % sulfuric acid at flow rate of
1 BV/h) tests curves of copper and cobalt concen-
trations (for the resin taken after 120 BV). Inten-
sive eluting both copper and cobalt started at
1 BV. Cobalt peak concentration of 533 mg/l was
achieved at about 1.5 BV, which was the highest
cobalt concentration achieved throughout this
study. Copper peak concentration of 12,345 mg/I
was achieved at about 2 BV. After that concentra-
tions of both ions drastically decreased. At 2.5 BV
the copper and cobalt concentration decreased to
4,903 mg/l and 60.2 mg/l, respectively. By that
time, few small air bubbles near the bottom of the
column were observed. Moreover, one side of the
column was poorly regenerated. Starting from
3 BV, the copper and cobalt concentrations de-
cline continued, but at lesser gradient. The copper
concentration dropped below 50 mg/l after 7 BV.
The cobalt concentration dropped below 15 mg/I
(below detection limit of the MP-AES) after 5 BV.
The tests recovered 309 mg of copperand 7.17 mg
of cobalt during the resin regeneration (metal
leaching) process. About 88% of the adsorbed co-
balt were eluted within interval 0-3 BV. At the
same time, both copper and cobalt were eluted in
the same range of bed volumes. Therefore, no

metal selection was achieved during the regener-
ation/leaching (eluting) tests.

Fig. 2, b shows the column TP 207 ion ex-
change resin regeneration (using metal leaching
by 1 % sulfuric acid at flow rate of 1BV/h) tests
curves of copper and cobalt concentrations (for
the resin taken after 120 BV). Intensive eluting
cobalt started at 1 BV. Cobalt peak concentration
of 328 mg/l was achieved at about 2 BV. Then the
concentration dropped drastically to 47.6 mg/l at
4 BV. At 4 BV the regeneration process was in-
terrupted for 12 hours. At 5 BV the cobalt concen-
tration slightly increased, up to 62 mg/l and then
dropped again to below 15 mg/l at 6 BV.

Intensive eluting copper started at 2 BV, and
peak copper concentration of 4,132 mg/l was
achieved at about 4 BV. Then the copper concen-
tration drastically decreased to 2160 mg/l by
5BV. Then, after the process interruption at
4 BV, the elution nature changed. The copper con-
centration started to grow again and achieved
peak value of 3,247 mg/l at 7 BV. Thereafter the
concentration gradually decreased and to below
100 mg/l after 16 BV. About 76.6 % of the adsorbed
copper (288 mg) and 56 % of the adsorbed cobalt
(7 mg) were eluted (leached) from the resin. Thus,
the metals concentration curves at 1 % sulfuric
acid showed marked selective elution of cobalt
and copper.
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Fig. 2. Column TP 207 ion exchange resin regeneration tests — cobalt
and copper eluting (leaching) curves:
a— by 10 % sulfuric acid; b — by 1 % sulfuric acid

4. Conclusion

The performed tests and analysis showed
that the Lewatit MonoPlus TP 207 (amino-di-ace-
tic) ion exchange resin is suitable for selective ex-
traction of copper and cobalt from waste water
drainage generated by heap leaching waste mate-
rial at the Chilean copper mine (open pit). Since
the test feed solution (the waste water) has higher
concentration of copper ions, it is very important
to have higher amount of cobalt adsorbed by the
resin during the water treatment process to
achieve better elution as well as better separation
of the metals in the resin regeneration (metal elu-
tion) process. Maximum adsorption of cobalt ions
by the reins can be achieved by treatment the
waste water until the column resin saturation
(with cobalt) point. Further continuation of the
treatment process results in desorbing the previ-
ously adsorbed cobalt ions due to the presence of
better absorbable ions such as copper and zinc in
the feed solution (the waste water). The treatment
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