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Mines Branch Technical Bulletin TB 127
RECOVERY OF COPPER AND ZINC FROM

MINE WASTE EFFLUENTS WITH
CARBOXYLIC-TYPE ION-EXCHANGE RESINS

by

A, J. Gilmorex*

ABSTRACT

The recovery of copper and zinc from synthesized mine
waste effluents containing up to 7.0 g/1 of total metal with the
Rohm and Haas Limited carboxylic-type resins Amerlite IRC 50 and
IRC 84 has been investigated. The adsorption characteristics
of the resins from the Na*, NH,* and H* forms at feed pH values
of from 3.6 to 6.0 were determineh. The results of the work
showed that under all conditions investigated the metals broke
through very early in the adsorption cycle. An ion exchange
operation run under these conditions to produce an effluent

containing <0.1 ppm of metal could be expensive,due to high

capital cost in equipment and resin inventory.

*Research Scientist, Hydrometallurgy Section, Extraction Metallurgy
Division, Mines Branch, Department of Energy, Mines and Resources,
Ottawa, Canada.
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LES EFFLUENTS DE MINES A L'AIDE DE RESINES
ECHANGEUSES D'IONS DU TYPE CARBOXYLF

par

A. J. Gilmorex

RESUME

L'auteur a €tudié la récup€ration du cuivre et du zinc
contenus dans des effluents de mines prépar€s artificiellement,
avec des concentrations allant jusqu'd 7.0 g/l de me€tal total,
A 1'aide des résines de type carboxyl€ Amerlite IRC 50 et IRC 84,
produites par la Rohm and Haas Limited. Il a déterminé les
caractéristiques d'adsorption des résines de type Na*, NH.' et
H*, pour des valeurs de pH de la solution d'alimentation allant
de 3.6 & 6.0, Les résultats de ce travail montrent que, dans
les conditions d'exp€rience considérédes, les métaux arrivent a
filtrer presque dés le début du cycle d'adsorption. L'emploi
industriel d'un procédé d'échange d'ions dans ces conditions en
vue d'obtenir un effluent contenant moins de 0.1 ppm de metal
pourrait étre trés on€reux, en raison du colt dleve des

immobilisations requises en installations et en stocks de résines.

it

*Chercheur scientifique, Section de 1'hydrométallurgie, Division
de la métallurgie extractive, Direction des mines, ministére de
1'Energie, des Mines et des Ressources, Ottawa, Canada.
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INTRODUCTION

Recently, the Hydrometallurgy Section of the Extraction
Metallurgy Division, Mines Branch, Ottawa, has been studying the
feasibility of applying ion exchange methods to the removal of
metals, such as copper, zinc and nickel, from acid sulphate waste
solutions produced in mining and metallurgical operations. A
literature review (1) done in connection with this study program
indicated that the carboxylic-acid-type resins might be suitable
for this application.

Several studies have been made in which Rohm and Haas
Amberlite IRC 50 and Permutit H 70 resins were used to extract
copper from dilute acid mine water(z’szand copper from dilute
concentrations of copper and zinc in weak acid media(s). The
reports of these investigations showed that about 90% of the
copper present in a solution containing:cO.S‘g Cu/1 at pH.4.0(3)
could be adsorbed on these resins. It was also reported that
similar copper extraction could be achieved from solutions of
Similar acidity containing up to 0.3 g Cu and Zn per litre with
a2 carboxylic resin., The adsorbed copper was removed from the
resin with 5 to 10% sulphuric acid solution, The resin had to be
converted to the sodium or calcium form after elution and before
adsorption. The resin was reported to be highly sensitive to pH,with

Practically no metal being adsorbed at PH 2.0 or lower(4).
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In view of the information‘available in the literature,
it was decided to conduct some bench scale work to develop typical
adsorption curves for carboxylic-type resins in the pH range of
4.0 to 6.0, From these curves the feasibility of using these resins
for producing essentially metal-free solution from copper-,
nickel- or zinc-bearing mine water could be determined. This

report is an account of this study.

PROCEDURE

Rohm and Haas Amberlite IRC 50 and IRC 84 carboxylic-
type resins were tested with bench-scale, fixed-bed columns containing
five or ten millilitres of wet settled resin. The cross sectional area
of the columns was such that the resin depth in all tests was
about 10 cm. The flow rates used were such that retention times
of from two to eight minutes were investigated. At the beginning
of adsorption the resin was ineach of the Na‘, NH,* or H* forms.

The feed solutioné for this work were synthetic and
contained copper, zinc and magnesium sulphates The pH value of
the solution was adjusted by adding sulphuric acid. Two solutions
were used during the test Work;- one containing 0.5 g/1 Cu, 6,25 g/1
Zn and 6.75 g/1 Mg, and the other containing 0.02 g/1 Cu, 0.25 g/1

Zn and 0,35 g/1 Mg.

RESULTS

In the first series of tests, the two resins IRC 50 and

IRC 84 were converted to either the Na* or NH,* form and loaded
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with a solution containing 0.5 g/1 Cu, 6.25 g/1 Zn and 6.75 g/1
Mg. The pH values of the feed solutions were either 3.6 or 5.0,
The retention time usea in all of the tests in this series was
2 min. The adsorption curves for IRC 50 obtained in this work
are shown in Figure 1. The results obtained with IRC 84 were

inferior to those of IRC 50 and are not reported.

Figure 1 shows that when the IRC 50 is in either the Na*‘

or the NH4+ form, copper breakthrough is early in the loading
cycle. Thilis characteristic obviously makes the resin in these

forms unsuitable for reducing efficiently the metal content of

waste solution to a level acceptable for disposal to the environment.

Further tests with increased retention time did not provide
significantly better results.

Another objection to the use of the IRC 50 in the Na*
or NH4+ form was that the metal adsorbed by éhe resin could only
be desorbed efficiently by sulphuric acid. Consequently, if the
resin was to be loaded in the Na' or NH‘+ form, it would be
necessary to convert the resin from the H* form it is in after
desorptionto the required alkaline form. Test work showed that
not only was this an expensive procedure, but also it proved to
be very difficult to remove ekcéss alkalinity from the converted
resin, and precipitation of metals during adsorption was the

result. This difficulty was observed by Jacobi (2)
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Figure 1. Copper adsorption on Amberlite IRC 50 resin in
the Na* or NH,* form.
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In view of the results obtained with the resin in an
alkaline form, a serieé of tests was done in which the resin
was initially in the H' form and the retention time used was 8 ©
minutes. Both IRC 50 and IRC 84 were investigated. The feed
solution analyzed 0.02 g/1 Cu, 0.25 g/1 Zn, and 0.35 g/1 Mg. These
concentrations were chosen because it had been determined that the
metals would not precipitate from this solution at the highest
pH value investigated in this work. The pH values of the feed
solutions were 4.0, 5.0,and 6,0, The results of this work, which
are shown in Figure 2, show that with the resins in the H* form,
copper breakthrough occurs early in the loading cycle. This
is the same undesirable characteristic that was observed when
the resins were loaded from eithe? the Na* or the NH;* form.

Only at pH 4.0 were the tests continued to full copper
loading of the resin as indicated by the barren having the same
copper analysis as the feed. With these conditions the lqadings
were 0,15 1b total metal/cu ft of IRC 50 and 1.0 lb total metal/
cu ft of IRC 84. These are much lower loadings than were obtained

With the resin in the Na* or NH,* forms (Figure 1).

CONCLUSIONS
The carboxylic-type ién—exéhange resins, Rohm and Haas
Amberlite IRC 50 and Amberlite IRC 84, are unsuitable for reducing
efficiently the copper and zinc coacentrations of acid sulphate waste

Streams to levels of <1 ppm, for the following reasons:
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Figure 2, Copper adsorption on Amberlite IRC 50 and
Amberlite IRC 84 in H* form.




(1) On adsorption,excessive metal values report'in the
effluent too early for an ion exchange system based on
these resins to be efficient. The early breakthrough
occurs regardless of whether the resin is in the Naf, NH.*
or H* forms.

(2) Although loadings of up to about 4.0 1b metal/cu ft of
resin were obtained on IRC 84, initially in the Na*
form, the metal had to be desorbed with sulphuric acid
and then reconverted to the Na* form. This is cumbersome
and expensive.

(3) Loadings on these resins from the H' form are too low

(< 1.0 1b/cu £t) foran efficient operation.
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