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Abstract:

Metal leaching requiring an oxidizing gas is more efficient in foam than in solution. However, the control of the liquid in foam and
especially in the thin film between bubbles through which the gas has to permeate is critical. During a metal leaching process using
foam, this metastable soft structure that is foam swells and de-swells with an impact on its stability. Two different scales are affected: the
foam liquid channels (sub-micron scale) and the inter-bubble thin film (10-100 nm). We have recently demonstrated that SANS
technique is perfectly suitable to probe simultaneously these two scales within foam and to observe different kinetics of its structure
evolution that brings a lot for the understanding for the process and finally its optimisation. The objective of this proposal is to probe by
SANS technique a foam structure under controlled forced drainage conditions and this for the first time.
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Context of the SANS study:

With the aim of developing green alternatives to hydrometallurgy, we are working on leaching
aqueous foams, which could allow to drastically decrease the volume of effluents, as the leaching liquid
phase represents less than 10 % of the total volume. We have established proof of concept that copper
(Cu) can be oxidized by oxygen O, present in the gas bubbles, in the presence of chlorhydric acid HCI
in the continuous phase (equation 1). These foams are stabilized by a non-ionic surfactant,
polyoxyethylene alkyl ether.

2Cu + O+ 4H* > 2Cu*+2H,0(Eq. 1)

To study for the impact of foam structure, we elaborated a specific set-up allowing to change the liquid
fraction within the foam through forced drainage (see Figure 1).

We have seen that the mass of
dissolved copper presents a maximum
with the flow rate, Q. We have
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through the thin liquid films probably becomes slower with Q and ¢; because either of the decrease of
the surface area of the thin film and/or because of the increase of the film thickness which reduces
the permeability of the thin liquid films. [1]

Figure 1. Forced drainage set-up

The goal of this project is to determine how the foam structure controls the reactants transfer in the
foam and hence the reaction kinetics.

Preliminary analysis and results obtained from SANS measurements:

Foam was formed by bubbling through a porous frit at a controlled flow rate and then let to freely
drain during 60 minutes. Foaming solution was then reinjected at the top of the foam at various flow
rate. Afterwards, the foam was let to freely drain a second time. We have performed SANS
measurements every 3 minutes along the whole experiment. Herein we will present the results
obtained for a flow rate of 0.4 mL/min imposed for 45 minutes.

Analysis of the SANS curves includes 3 major contributions:

- fit of the micelles signal, predominant in high-g region, obtained separately from other SANS
measurements recorded in solution;



- fit of the films signal, predominant in mid-q region, based on reflectivity;
- fit of the Plateau borders signal, predominant in low-q region, based on a Porod contribution.

The curves obtained were individually fitted with the model developed (see reference [2] for first
version of the model), as can be seen on Figure 2. Fitted parameters have a physical meaning such as

thin films thickness, or specific surface of films, and the found values are discussed below.
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Figure 2. Examples of fitted SANS data acquired from the foam (a) after 60 min of free drainage
succeeding to foaming (b) during forced drainage at a flowrate of 0.4 mL/min
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Figure 3. Evolution of thin films thickness across time
determined from SANS measurements

One can see on Figure 3 that the
thickness of foam films increases as
soon as forced drainage begins. It
decreases rapidly as forced drainage is
stopped.
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Interestingly, one can see on Figure 4 that films specific surface stays constant (see round shapes), i.e.,
that the total surface exhibited by films does not change within the probed volume, even during forced
drainage. Thus, we infer that films keep their faceted shape.

Preliminary conclusion

Injecting liquid within the foam does not seem to play on the surface area of thin films but rather on
their thickness. Analysis are still ongoing for other flowrates as well as on interpretation of the two
phases of free drainage.
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