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Abstract
Indium, and indium-bearing alloys, are components found in a series of electronic devices of widespread use; at the end of this useful life,
and due to its price and scarcity, the recovery of this element, from these devices, is of interest. Hydrometallurgical processing can be a solution
to match this issue.
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Introduction
Indium is a metal presenting some special features, alone or
combined with Indium Tin Oxide (ITO), which made of it a unique
component in a series of electronic equipment’s. Indium Tin Oxide
(ITO, or tin-doped indium oxide) is a mixture of indium (III) oxide
(In2O3) and tin (IV) oxide (SnO2), typically 90% In2O3, 10% SnO2
by weight. It is transparent and colorless when deposited as a thin
film at thicknesses of 1000-3000 angstroms. When deposited as
a thin film on glass or clear plastic it functions as a transparent
electrical conductor.
The main use of ITO in industry is to create electrodes in the
form of thin, transparent films on liquid crystal displays, which
can be LCD, OLED, electroluminescent or electrochromatic, as well
as many touch screens. ITO is normally deposited by a physical
vapor deposition process such as D.C. magnetron sputtering or
electron beam deposition [1,2]. ITO is used in several display
technologies, such as LCD, OLED, plasma, electroluminescent,
and electrochromatic displays, as well as in several touch screen
technologies [3,4].

The production of e-Wastes in the world was 53.6Mt in 2019
(quote) (Europe, 12 Mt and Americas 13.1Mt). The value of the
raw materials contained in e-Wastes is about 57 billion USD.
Only 17% of the world’s e-waste production is collected and
treated [5]. Given the scarcity of raw materials (indium is usually
obtained as a by-product in zinc processing), the production of
indium from post-consumer products (urban mining) is becoming
an environmentally viable and economically very interesting
solution.
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The indium recovery process in e-Wastes (LCD, OLED and
other screens types) starts with a dismantling stage to obtain the
ITO-containing foils (Figure 1a). These sheets are constituted by a
quartz layer, sheets of a plastic material and ITO coatings. These
sheets (1 mm thickness) are then crushed and ground to obtain
a product with a particle size of less than 90µm (Figure 1b). A
typical composition of this ground material, in majority elements,
expressed in g/kg of ground material would be as follows: plastic:
460; SiO2:325; Al2O3: 62; SrO: 31; SnO2: 1.9; In2O3: 0.6. With this
second step, a homogeneous material is derived, material which
feed a third step of acidic leaching, with the objective to put into
solution all the indium contained in the previously obtained
concentrate.

It may be clear that indium is not the unique element in
the above solution, thus, this multi-elemental solution must be
treated to separate indium from the rest of accompanying metals.
A typical composition of the solution obtained after leaching,
expressed in mg/L, is as follows: In: 9.0; Sn: 9.7; Sr: 93.6 and Fe:
210. A very interesting proposal to achieve this separation is
using liquid-liquid extraction technology [6-9]. Nowadays, this
industrial technology is used in the hydrometallurgical processing
of gold, copper, zinc, cobalt, nickel, etc [10]. In this case, the main
steps for the processing will be as:
a) Iron removal from the leaching solution. Basically, this
iron appeared from the grind/milling operation.

b) Indium recovery from the raffinate (aqueous solution)
derived from the previous step.
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c)
Yielding of a new raffinate (second aqueous solution),
having not indium, but containing an appreciable strontium
concentration, the approach to its recovery may be also of interest.
These steps will be performed with industrial extractants
as being solvation reagents, amines and/or their ionic liquid
derivatives; the above dissolved in a suitable industrial organic

diluent. As an example, the next figure (Figure 2) showed the
results derived from the treatment of a real leaching solution
derived in the treatment of electronic scraps. It can be observed
that using a high Va/Vo (volume of leaching solution/volume of
organic) relationship, iron is removed from the leaching solution,
and indium (plus hydrochloric acid and strontium) being present
in the raffinate.

Figure 1: (a) Sheets obtained after selective dismantling of screens and (b) appearance of material obtained after crushing and grinding.

Figure 2: Percentage of Fe(III), In(III) and HCl extraction, from a real leach solution, using as organic phase a phosphine oxide dissolved
in an aromatic diluent.

In a second step, using this raffinate and employing a low
Va/Vo relationship, indium is almost quantitatively recovered in
the organic solution. From this second step, a second raffinate
containing strontium is yielded (see point (c) above). In the case
of iron and indium, these elements can be stripped from the
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correspondent organic solution using a suitable strip aqueous
phase. Indium can be finally recovered from this solution. The
residue from the acid leaching stage, consisting of a mixture
of quartz and plastic, is subjected to an electrostatic separation
process to obtain an amorphous quartz fraction (Figure 3a) that
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can be reused and a plastic fraction (Figure 3b) that can also be
reused for the manufacture of new plastics. This process, which is
still in the development phase, would allow full utilization of the

materials contained in the screens and is a good example of the
application of urban mining concepts to e-wastes.

Figure 3: (a) amorphous quartz and (b) plastics fraction.

Conclusion
Under the concept of urban mining, the use of
hydrometallurgical operations can be a solution to the recovery
of indium from end-of-life electronic components, making feasible
the recycling of this valuable and scarce metal in new products,
and extending its useful life.
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