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Abstract  

Despite eliminating toxic metals in mine wastes and mine waters, reusing them in the circular economy could minimize the negative environmental 
footprints of former mining activities. Therefore, developing eco-friendly techniques for making products from mine waste is an important 
problem for which innovation is required. In this study, a series of laboratory-scale fixed-bed ion-exchange experiments were conducted to 
evaluate chelating functional group of bis-picolylamine (Lewatit TP 220 resin) for selective recovery of cobalt and copper from mine waters 
generated from heap leaching waste materials at a Chilean copper mine. Considerable separation of cobalt and copper was observed during the 
loading process, and the resin showed no affinity towards earth alkali and alkali metal ions. Moreover, no significant reduction in resin capacity 
was observed in the second cycle.

 Ammonium hydroxide (3.5%) led to the recovery of more than 80% of the copper with a peak concentration of 18g/L. During the second stage, 
cobalt concentrations were increased up to 5.7g/L. Overall, more than 96% of the cobalt in the mine water was recovered selectively, increasing 
the concentration nearly 190 times. Our findings emphasize optimized parameters and strategies to produce intermediate products of heavy 
metal solutions from mine wastes based on ion-exchange technology. 
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Introduction

Cobalt is globally recognized as a strategic and critical raw 
material due to its high-tech low carbon applications [1-3]. 
However, in terms of supply, cobalt is only found in potentially 
exploitable quantities in a few countries and is mainly produced 
as a co- or byproduct of the copper and nickel industry [4]. Due 
to revolutions in the rechargeable battery market, cobalt demand 
is expected to increase exponentially within the next decade [5]. 

Therefore, it is essential to find secondary sources and 
process mechanisms to overcome current mining limitations 
and increase the supply. On contrary, most of the mine wastes in 
the world has greatly exceeded the maximum permissible heavy 
metal concentration on their materials, suggesting many possible 
ecological and social threads to the future [6]. 

Due to the deterioration of aquatic environments, industries 
all over the world are forced to reduce the heavy metal content of 
their discharge streams to acceptable levels [7]. Therefore, making 
products from heavy metal waste is an important problem where 
innovation is required. Novel approaches should be developed so 
that the environmental footprint of modern industry is strongly 
reduced compared with the situation today. 

Heap leaching material and tailings of copper and nickel mines 
could be potential sources for experimentation on the recovery 
of heavy metals as secondary sources. This study focuses on the 
selective recovery of cobalt and copper from mine water generated 
by heap leaching materials in the northern part of Chile. In the last 
century, nearly 150 million tons of untreated mine tailings were 
dumped directly onto the shoreline of the Pacific Ocean [8,9]. 
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This has resulted in the formation of large tailings deposits in 
this area [10]. With time, the liberation of divalent metal cations 
has formed zones with enriched concentrations of metals such as 
Cu (II), Ni (II), Co (II), and Zn (II) [9]. Over the last two decades, 
many techniques have been implemented to recover dissolved 
metals from heavy metal pregnant solutions. Among them ion 
exchange (IX) technology has unique advantages such as, recovery 
of metal value, selectivity of ions, less sludge volume produced 
and the meeting of strict discharge specifications [11-13]. 

Recently chelating resins and solvent impregnated resins have 
brought up more attractive options to enhance the efficiency of 
ion exchange process in metal recycling. Nevertheless, many of 
these resins do not have higher affinity towards cobalt than the 
other heavy metals and are directly inadequate in their capability 
to selectively recover cobalt from complex water matrices [13-15]. 

Especially if the concentration of other elements is very high 
(e.g., Cu, Ni, and Zn), it might be best to first separate the complex 
solution, followed by selectively extract targeting specific metals 
with an additional step [16,17]. A proper extraction of metal 
ions with an IX dominated process could decrease the energy 
consumption and waste production in the mine water treatment, 
while minimize/prevent the formation of acid mine drainage. 
Nevertheless, these aspects are rarely investigated with complex 
water matrices and poorly understood.

Recent studies with iminodiacetic acid (Lewatit TP 207) and 
amino phosphonic acid (Lewatit TP 260) have shown that these 
two resins can remove low concentrations of copper, nickel, zinc, 
and lead in aqueous solutions [16,18,19]. But both these resins 
have very low affinity towards the cobalt. Therefore, in the 
presence of copper, zinc, nickel, with earth alkali elements, cobalt 
acquires a very small chance to get adsorbed on to the resin.

 Littlejohn and Vaughan [15] studied the ability of chelating 
functional group of bis-picolylamine (Lewatit TP 220) for selective 
elution of nickel and cobalt from laterite leach tailings. They were 
able to effectively recover 90–95% of nickel and 75–85% of cobalt 
using 2–4 bed volumes of 6.8% w/w NH4OH solution. Since the 
elution kinetics were rapid, copper and zinc were also co eluted in 
the same bed volume ranges.

Thus, the purpose of this study is to optimize the process 
parameters of selected modern chelating functional group of bis-
picolylamine for selective removal and extraction of cobalt and 
copper from mine water generated from Chilean heap leaching 
materials. Proper separation of these metal ions could produce an 
intermediate product that could use as recycled metals in circular 
economic concept.

Experimental Setup

Chelating Ion Exchange Resin

Lewatit MonoPlus TP-220 (TP 220) is a resin with 

bispicolylamine (bis-(2-pyridylmethyl) amine) functional groups 
provided by LANXESS Deutschland GmbH. The specifications 
and properties of these resins are shown in Table 1. TP 220 uses 
bis-picolylamine functional groups in a matrix of polystyrene 
crosslinked with divinylbenzene. This resin type has been 
previously studied by many researchers for removal of selected 
metal ions from acidic solutions [20-22].

Table 1: Specifications and properties of the resin used in this study 
(Lanxess, 2019).

Property TP 220

Structure Macroporous weak base

Matrix Crosslinked polystyrene

Functional group Chelating bispicolylamine

Average particle size 0.62 ± 0.05 mm

Uniformity coefficient 1.1

Bulk density 690g/L

Density 1.1g/mL

Total exchange capacity (H form) 29g/L for Cu loading

pH range 1- 4.5

Generation of the Mine Water

The material used in this study to generate mine water was 
collected from a heap-leached stockpile at a Chilean surface 
copper mine in the northern part of Chile. These materials were 
mixtures of coarse- to medium-grained (60%) and fine-grained 
(40%) ore chunks. They were already subjected to leaching with 
sulfuric acid to extract Cu (II) and then dumped into a stockpile 
without further treatment. This has led these materials to weather 
under normal atmospheric conditions over time.

Two types of mine waters were made by separately mixing 
each heap leaching waste material (ES2 and ES3) with doubly 
distilled water. Generally, 3.5Kgs of heap leaching waste materials 
and 4L of doubly distilled water were mixed. The mixture 
was stirred several times during the day and allowed to settle 
overnight. Then, the suspension was allowed to settle until a clear 
separation of materials and water was observed (Figure 1). 

The pregnant heavy metal solution had a unique blue color, 
indicating a high Cu (II) concentration. It was possible to move 
nearly 3 L of water to a new container without agitating the 
settled-out materials below the water. Then, a 1:1 dilution was 
made to obtain a concentration that resulted in a better loading 
curve and daytime Cu (II) breakthrough point. In the middle of 
the first column experiments, additional synthetic water was 
generated using cobalt (CoSO4.7H2O) and copper (CuSO4.5H2O) 

http://dx.doi.org/10.19080/IMST.2022.03.555605


Insights in Mining Science & Technology

How to cite this article:    Janith Abeywickrama, Nils Hoth, Carsten Drebenstedt. Optimization of an Ion Exchange Process for the Selective Recovery of 
Cobalt and Copper from Heap Leaching Waste Materials. Insights Min Sci technol.2022; 3(1): 555605. DOI: 10.19080/IMST.2022.03.555605003

salts. The final experiment (column B1 and B2) was conducted 
using Cu (II) free outflows separately extracted during the loading 

of column A1 and column A2. Compositions of the generated mine 
waters used for various tests are presented in (Table 2).

Figure 1: Preparation of mine water using heap leaching waste materials from Chile.

Table 2: Composition of the generated mine water solutions in milligrams per liter.

Source Column Range pH Al
 mg/L

Co 
mg/L

Cu 
mg/L

Mn 
mg/L

Ni 
mg/L

Zn 
mg/L

Ca 
mg/L

K 
mg/L

Mg 
mg/L

ES2 A1 0 - 574 3.48 6.9 31.9 27 22.5 0.43 4.05 353 7.1 99

Synthetic A1 574 - 1051 3.51 0 30 30 0 0 0 0 0 0

ES3 A2 0- 450 4.34 9.35 30 89.5 5.2 0.15 5.65 287 1 28.4

ES2+ES3 B1 & B2 0 - 420 4.23 2.2 29 0.01 10.2 0.5 2.3 143 20 40

Apparatus

A microwave plasma atomic emission spectrometer (MP-AES 
- 4200 Agilent) was used to determine cations in the samples. 
A photometer (HACH LANGE, DR 3900) was used to quickly 
measure Cu (II) concentrations. pH values, conductivities, and 
redox potentials of effluent samples were measured with a 
multimeter (WTW 3320). A Peristaltic pump (IPC- ISMATEC) was 
used to pump water into the columns.

Fixed Bed Column Experiments

Four column experiments were conducted in two stages 
(Table 3). In the first stage, column A1 and A2 were loaded with 
mine water to separate Cu (II) from Co (II). Then the Cu (II) free Co 
(II) slightly enriched solution that was used with column B1 and 
B2 to further selectively recover Co (II). A2 represents the second 
cycle of A1 column whereas B2 represents the second cycle of B1 
column.

Table 3: Column configuration used in this study

 
Column ID A1 A2 B1 B2

Resin type TP 220 TP 220 TP 220 TP 220

Loading

pH of the feed 3.5 4.3 4.2 4.2

Flow rate (BV/h) 3 3 6 6

Amount (BV) 1151 450 430 391

Regeneration

Flow rate (BV/h) 6 6 1 1

Amount (BV) 17 17 12 12

Reagent  NH4OH - H2SO4 H2SO4
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All ion exchange column trials were conducted using clear 
polyvinylchloride (PVC) columns with 1.5cm diameters and 
12cm heights (Figure 2). Pipework and fittings were made of 
polyethylene. Each column contained 12mL of resin and was 

considered a one-bed volume (BV- the volume of wet settled resin 
in the column). The resins were soaked with slightly acidified (pH 
4.5) doubly distilled water overnight to make them fully hydrated 
before they were inserted into the columns. 

Figure 2: Fixed bed ion exchange columns used in this study.

Feed mine water solutions were pumped through the column 
in the upward flow direction at a controlled rate of 3BV/h using 
a peristaltic pump. Effluent samples were collected at regular 
intervals, and cations were analyzed using MP-AES. Columns A1 
and A2 were loaded until the exhaustion point of copper. Column 
B was loaded until the exhaustion point of cobalt. All exhaustion 
points were determined via spectrophotometry. After the loading 
cycle, the columns were backflushed with at least 4BVs of doubly 
distilled water at a flow rate of 3BV/h to eliminate surplus feed 
solution in the IX system. The pH of the distilled water was 
adjusted to 2 prior to use to avoid leakage of organic reagents.

Regenerant solutions contained either ammonium hydroxide 
(3.5% or 5%) or sulfuric acid (5% or 10%). Regeneration was 
performed through the system in co-flow mode and with the same 
flow rate. Again, effluent solutions were collected regularly for 
MP-AES analysis. In each case, bed volumes were based upon the 
initial volume of the resin loaded in the column. The regenerant 
concentration and flow rate ranges were chosen by consulting the 
resin product sheet provided by LANXESS.

Chemical Analysis

Samples were filtered through 0.45μm filters into 10mL plastic 
sample test tubes. The samples from the loading experiments were 
acidified using 0.1mL of nitric acid. Depending on the assumed 
Cu (II) concentration in the samples, 1:10, 1:100, 1:500, 1:1000, 
or 1:10000 dilutions were made for MP-AES analysis. The main 
reason for the dilution was to avoid the blockage of the torch and 
avoid destroying the nebulizer with the accumulation of salts [23]. 

Then, samples were stored at 4°C in a refrigerator until MP-AES 
analysis was performed. During the analysis, the concentrations 
of Al, Ca, Cd, Ce, Co, Cu, Cr, Fe, K, La, Mg, Mn, Na, Ni, Pb, Sr, Y, and 
Zn were measured. Random samples were also checked with a 
spectrophotometer to determine the Cu (II) concentration. The Cu 
(II) 8506 (CuVer 1) method was used in the photometric analysis.

Results and Discussion

First Loading Cycle 

A column filled with 12mL of TP 220 resin (column A1) was 
loaded with mine water prepared from ES2 materials. The feed 
mine water had a Cu/Co ratio of 1:1. A flow rate of 36mL/h was 
used during the column loading process, which was equivalent 
to 3BV/h. It should be noted that synthetic water introduced 
to the column after 574BV had slightly different Co (II) and Cu 
(II) concentrations than real mine water. However, since the 
purpose of the test was to achieve a qualitative comparison of 
the resin performance with those from similar studies [16], the 
concentration difference was tolerable for the study. 

The breakthrough curve shown in Figure 3a&b plots the 
amount of the metal ions loaded on the resin against the bed 
volumes of feed mine waters passed through the column. 
According to the results, the affinities of TP 220 resin followed the 
order Cu> Ni> Zn> Co. As depicted in Figure 3a&b, all metal ions 
were adsorbed until 230BV, and then accelerated breakthrough 
of cobalt reached exhaustion at approximately 400BV. It was 
subsequently observed that Ca, Mg, K, Na, Mn, and Al do not show 
any affinity toward the resin.
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Figure 3: (a) Loading and (b) regeneration curves of cobalt and copper on TP 220 resin (column A1) with mine water 

Soon after the feed changeover to the synthetic inflow, the ions 
with lower affinities (Co, Ni, and Zn) began to desorb substantially. 
Since one of the main objectives was to enhance the Co (II) and 
Cu (II) separation, switching solutions after the exhaustion of law 
affinitive ions could be further investigated as a tactical approach 
to enhance the ion separation during the loading process. Copper 
breakthrough started at approximately 600BV. Therefore, the 
loading process generated nearly 600BVs of Cu (II) free Co (II) 
solution that was slightly enriched and could be used to further 
refine cobalt. 

However, photometric analyses only indicated the presence of 
copper in the effluent at 668BVs. Therefore, Cu (II) -free effluent 
was collected up to 668BV. According to the mass balance, 6.3meq 
of Co (II) had travelled through the column in the effluent at that 
time. This solution was later used in column B1 and B2 to further 
purify and extract Co (II). At the end of the loading (1151BV), 
the majority of available exchange sites appeared to have been 
occupied by copper (89%) and cobalt (10%) (Table 3). These 
values are in agreement with resin capacity data provided by 
Lanxess.

Regeneration was started with 7.5BVs of 3.5% ammonium 
hydroxide, followed by another 8BVs of 10% sulfuric acid, in 
an attempt to determine the utilities of the regenerants. The 
regeneration curve is shown in Figure 3b. Cu (II) started to elute 
with ammonium hydroxide and reached a peak concentration of 
15.3g/L, while Co (II) reached a peak concentration of 0.2g/L. 
However, Ni (II) and Zn (II) were also coeluted with ammonium 
hydroxide. Once the regenerant solution was changed to 10% 
sulfuric acid, Co (II) was eluted again with a peak concentration 
of 0.4g/L and a minimal amount of Ni (II). According to mass 
balance, ammonium hydroxide removed most of the adsorbed Cu 
(II), and sulfuric acid did not elute any Cu (II). After the column 
was regenerated, it was conditioned with 5 bed volumes of 1% 

sodium hydroxide before the 2nd cycle.

Second Loading Cycle

After conditioning, column A1 was again loaded (column 
A2) with MW3 water, which had a Cu/Co ratio of 3:1. Column 
A2 was also intended to load until the complete exhaustion of 
copper (Figure 4a&b). However, due to the limited availability 
of mine water, the test was terminated at 450BV. At the end of 
loading, Cu (II) utilized most of the resin capacity (> 98%). No 
significant difference in resin capacity was observed between the 
first and second loading cycles, suggesting that previously used 
regenerants did not make any reactions to clog the resin capacity. 
The mass balance showed that a higher Cu/Co ratio increased the 
amount of copper adsorption observed at the end of the loading 
process (Table 3).

Regeneration of column MA2 was started with 4.5 bed volumes 
of 3.5% ammonium hydroxide, followed by 5 bed volumes of 5% 
ammonium hydroxide and another 10 bed volumes of 5% sulfuric 
acid. According to the elution profiles, Cu (II) eluted with a peak 
concentration of 18g/L in 3.5% ammonium hydroxide solution. 
However, Co (II) coeluted with a peak concentration of 73mg/L.

It is interesting to note that changing the ammonium 
hydroxide concentration to 5% did not cause elution of any 
metal ions. Nevertheless, after changing the regenerant solution 
to 5% sulfuric acid at the 10thBV, Co (II) started to elute with a 
peak concentration of 0.7g/L. In the 2nd cycle, it was only possible 
to recover nearly 80% of the Cu (II) from the total adsorption. 
The elution profiles of columns A1 and A2 showed that 3.5% 
ammonium hydroxide removed more than 99% of the Cu (II) 
in 5-7 bed volumes. In addition, Co (II) was better eluted with 
5% sulfuric acid after Cu (II) was eluted with 3.5% ammonium 
hydroxide.
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Figure 4:  (a) Loading and (b) regeneration  curves of cobalt and copper on the second cycle of TP 220 resin (column A2) with mine water

Cobalt Enrichment Experiment

In the previous loading experiments involving TP 220 resins, 
almost 7 liters of Cu (II)-free Co (II)-enriched solution was 
produced. This water was loaded into a different column with TP 
220 resin (column B) to concentrate the cobalt in the regeneration 
process. The loading was carried out with a flow rate of 3BV/h, 

and 5% sulfuric acid was used for regeneration. The experiment 
was continued for two cycles. Since both columns (B1 and B2) 
show similar results, only column B1 is depicted and discussed 
in the paper. Figure 5a&b shows the breakthrough curves of all 
ions available in mine water based on their initial concentration 
fractions (C/C0). 

Figure 5: (a) Loading and (b) regeneration curves for column B1 filled with TP 220 resin.

It can be clearly seen that neither alkali metals nor alkaline 
earth metals were adsorbed on the resin during the loading 
process. The column was mainly loaded with Co (II) and a smaller 
amount of Zn (II). The loading was terminated after 450BVs due to 
complete exhaustion of the cobalt (photometrically tested).

 As iminodiacetic acid (e.g.-Lewatit TP 207) and amino 
phosphonic acid (e.g.-TP 260) show a considerable affinity 

towards earth alkali elements (Ca, Mg, and Al), some of the resin 
capacity is always lost due to the adsorption of unnecessary ions. 
As TP 220 did not show any affinity towards earth alkali and alkali 
elements most of the resin capacity can be used for the metal 
ion of interest According to mass balance, the column adsorbed 
4.3meq cobalt and 0.3meq zinc. It should be noted that this only 
accounts for 35% of the operating capacity of TP 220 resin (Table 
4) based on the results of the previous experiment.
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Table 4: Mass balance for loading and regeneration of columns A1, A2, B1, and B2 (TP 220 resin).

Column
Al Co Cu Mn Ni Zn

meq meq meq meq meq meq

 A1
Loading 0 1.3 11.4 0 0.1 0.1

Regeneration 0 0.8 11.4 0 0.1 0.1

 A2
Loading 0 0.5 12.4 0 0 0.1

Regeneration 0 0.3 9.7 0 0 0

 B1
Loading 0 4.3 0 0 0.1 0.3

Regeneration 0 4.2 0 0 0 0.2

 B2
Loading 0 4.2 0 0 0.1 0.3

Regeneration 0 3.8 0 0 0 0.5

Regeneration was continued at a fixed flow rate of 3BV/h, and 
eluant was collected at each half bed volume (Figure 3b). It was 
observed that the cobalt concentration increased with increasing 
bed volume and reached a peak concentration of 5.7g/L with 6 
bed volumes. Then, the Co (II) concentration decreased, and 
elution was completed after 12 bed volumes. More than 96% 
of the Co (II) was recovered from the total adsorption, and the 
recovery also greatly enhanced with no earth alkali contaminants 
in the solution.

 Nevertheless, a smaller amount of Zn (II)  also coeluted with 
Co (II) and  reached a maximum concentration of 0.5g/L. Recently, 
Vecino et al. [19] archived a better Zn (II) and Co (II) separation 
from an acidic mine water using Lewatit TP 207 and  VP 1026 
resin. Therefore, as the next step, additional column studies are 
planned to separate the Zn (II) and Co (II) aiming at producing 
an intermediate cobalt concentrate from the heap leaching mine 
waste. 

Summary and Conclusion

These results demonstrate a positive outlook for utilization of 
Lewatit MonoPlus TP 220 (bis-picolylamine) resin for the selective 
recovery of cobalt and copper from mine water generated using 
heap leaching materials from a Chilean copper mine. Loading 
mine water into the TP 220 resin at a flow rate of 3BV/h resulted 
in effective Cu-Co separation by adsorbing most of the copper 
onto the resin. Separate collection of the effluent produced before 
copper breakthrough enabled the recovery of a copper-free 
solution with a slightly enriched cobalt concentration, which was 
later used for further cobalt enrichment. 

The rest of the effluent may well be recycled for Cu-Co 
separation. Switching the feed solution after the Co exhaustion 
point enhanced the Co-Cu separation and could be further 
investigated for the improve the metal ion separation by steering 
the mine water solutions at different levels of treatment. 
Regeneration of the lead column with 3.5% ammonium hydroxides 

resulted in desorption of all copper ions and generation of 15-
18g/L peak concentrations.

 In all cases, it was possible to recover more than 80% of the 
copper content during regeneration. However, cobalt, nickel and 
zinc were also coeluted. Once copper was removed, the TP 220 
resin adsorbed more cobalt. Regeneration resulted in 96% cobalt 
recovery with a 5.7g/L peak concentration. This is a nearly 190-
fold increase relative to the initial cobalt concentration in the mine 
water. Additional tests with column series combining different 
resin types are planned to further increase the concentration and 
enhance Cu-Co separation.
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