What metals can be recycled? with Example
In short, almost all metals can. For example in the U.S., of the 132 million tonnes of metal
‘apparent’ supply, recycling contributed 67 million tonnes. That’s equivalent to about
50.8% [1]. In the UK, iron and steel make up the majority of the recycled metal in use. It is
supplied mainly from industry and increasingly from municipal and household waste. Common
examples include aluminium and tin/steel cans, and cars.
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However, the process of metal recycling is not as simple as ‘melt it’, materials science
knowledge is needed. There are two viewpoints to the recycling process, the recycling of
individual metals, and the recycling of whole products.

Is recycling economically feasible?
Recycling is a great idea, in theory. The sad fact is that unless there are clear economic gains
from recycling metal, large-scale initiatives are unlikely to become popular. To be economically
viable, the energy saved by recycling needs to be significantly larger than the energy needed to
produce the metals from ores.
There are statistics quoted for the amount of energy saved by recycling, for example these from
the British Metals Recycling Association [2]:
Metal

Energy Saving (%)

Steel

62 - 74

Copper

87

Zinc

63

Lead

60

But, where do these numbers come from?
It is the job of the materials scientist to come up with values like the ones above, requiring
calculation as precisely as possible using fundamental background knowledge.
Aluminium production: an example calculation of the energy saved by recycling
To find how much energy is saved by recycling aluminium, the amount of energy expended in
primary production has to be calculated. When this is known, it can be compared with the energy
expended to recycle the same amount of aluminium. 1 kg is a standard mass that will be used in
this calculation to compare the two energy values.

Primary Production of Aluminium
The Bayer - Hall-Héroult process produces primary aluminium from bauxite ore. Initially, the
Bayer process produces pure alumina (Al2O3) by dissolving the raw bauxite ore in aqueous alkali
solution. This is carried out at high pressure and temperature. Pure Al(OH)3 is precipitated from

the resulting solution, which allows separation of insoluble impurities. It is then calcined to pure
alumina.
Next, the Hall-Héroult process involves an electrochemical cell and pure Al2O3 as the feed
material. It is dissolved in a molten Cryolite electrolyte (Na3AlF6 – itself modified by the
addition of AlF3, CaF2 and others) which brings the melting temperature to 950–1000°C. The
addition of the cryolite therefore saves energy.

At the cathode, the Al2O3 is reduced to molten Al. At the anode, oxygen from the alumina reacts
with the C electrode to form CO2(g).
The
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2Al (l) + 3/2 CO2 (g)

(1273K) = 686 kJ at ~975°C
(

for this reaction can be found using the Ellingham diagram.)
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as:
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, where F is the Faraday’s constant.

As the Al2O3 is decomposed, it will decrease in concentration in the cryolite solution. This will
cause the activity of the Alumina (

) to decrease until saturation of the solution with

Al2O3 is restored. The decrease in the value of

affects the reversible potential (causes it to

increase in magnitude from the standard potential) because of the Nernst equation (the derivation
of which is given here [5]).

The symbol Erev represents the minimum potential required that has to be overcome to start
producing any Al at the cathode. The actual potential required is much higher than just the value
of Erev, due to factors such as polarisation and Ohmic losses. So, the final potential required for
the Hall-Héroult cell (Ecell) is given by:

where the symbols ηA and ηC refer to overpotentials at the anode (A) and cathode (C),
respectively. Typically, ηA ≈ 0.5V and ηC ≈ 0.5V. I·R is the Ohmic loss. Most of the resistance, R,
(>80%) in this value arises in the molten electrolyte. I·R ≈ 2.5 V at a typical current density
of I ≈ 1 A cm-2and a capacity rating of 100 kA. (These cells are designed to operate in the range
50–250 kA.)
Under the above conditions, Ecell ≈ 5V.
Now the energy can be found by first applying Faraday’s law (The mass of an element
discharged at an electrode is directly proportional to the amount of electrical charge Q passed
through the electrode) to the value of Ecell to calculate the amount of charge (Q) that is required
to produce 1 kg of Aluminium:

where

is the molecular weight.

Since E = QV,
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≈ Q × Ecell = (10.73 × 106)∙5 ≈ 50 MJ
The value calculated above assumes that there is 100% current efficiency. In fact, the current
efficiency is usually 85-95%. The energy required increases as a result to ≈ 55 MJ kg-1. It should
be noted that hydroelectric power is 90% efficient, and some aluminium plants have been
preferentially located adjacent to these hydroelectric plants.
However, the electrical energy is normally produced by burning fossil fuels that are only 30-40%
efficient.
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The energy consumed in the Hall-Héroult process is then added to the other energy-consuming
parts of the Al-production process to find a value for the amount of energy used to produce 1 kg
of aluminium from ore:-



Energy required for the Hall-Héroult process ≈ 165 MJ kg-1



Energy required in producing C anode: ≈ 25 MJ kg-1



Energy required in producing the electrolyte: ≈ 5–10 MJ kg-1
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Therefore, the total energy ≈ 260 MJ kg-1
Currently, every year, the world uses 20 million tonnes of aluminium. This means that more than
200 million tonnes of coal (or the energy equivalent of an energy-producing fuel e.g. gas or oil)
is required in power plants each year [3]. That is a huge amount of energy. In fact, it is the same
amount as 300–500 cities consume in a year!
The energy invested in primary Aluminium production is preserved in the metal. Used
aluminium products can be melted down into new Aluminium repeatedly, although this process
is not without complications, as are explained later in this learning package. To find out how
much energy is saved by recycling aluminium, the total energy for primary aluminium
production needs to be compared with the energy required to produce the same amount of
aluminium by recycling.

Recycling Aluminium
Most of the energy required in the recycling of aluminium comes from the heating, and can be
calculated by adding:-

(Energy to heat the aluminium from room temperature to the melting point)
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(energy required to heat up molten aluminium to the casting temperature)

where:

Molecular mass of Aluminium = 27 g mol-1
Thus, in
From these data the energy required (assuming an efficiency of 60-80%) can be calculated at
approximately 6–10 MJ kg-1 (The proof is left to the reader ).
Therefore even with the excess energy required to process the aluminium before it is re-melted,
the energy expended is very significantly lower than creating new metal from ore:
260 MJ kg-1 >> 6–10 MJ kg-1
Some energy, it should be noted, is used in the sorting and processing of the metal scrap.
‘Processing’ including de-coating of the lacquer layers and shredding before it reaches the
melting stage. Energy is also used in the transport of the scrap to the recycling plant, which may
evoke concerns about the emissions from vehicular transport. Nevertheless, if these emissions
are compared with the emissions from the power stations producing the electricity for the
primary process they become negligible. An estimate of the energy used in vehicular transport
can be found in the TLP on recycling of polymers, click here. It is possible to do a similar
calculation for the transport of aluminium.
If recycling is an economically sound process – how does materials science contribute to the
industrial methods used to recycle metals?

Source: http://www.doitpoms.ac.uk/tlplib/recyclingmetals/what.php

