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Recycling aluminium alloys is beneficial
both financially and environmentally and
has become a major industry in its own
right. There are two major reasons for this:
firstly, aluminium alloys are particularly
amenable to recycling and can be recycled
many times without losing their properties;
and secondly, huge energy savings are
possible as recycling uses only 5% of the
energy required to extract and refine
primary aluminium. 

Modern mobile and portable analysers
are available that can handle the necessary
analyses on-site to provide accurate and
positive material identification even when
used by non-specialist operators. Two such
instruments, from Spectro Analytical
Instruments, are the SPECTRO xSORT hand-
held metals analyser and the Spectrotest
mobile emission spectrometer.

Aluminium alloys and their uses
Pure aluminium is relatively soft and
mechanically weak, although in its pure
form it does have good corrosion
resistance and its strength can be increased
by mechanical processing such as cold-
rolling or by-alloying with other metals.
This combination of properties has led to
the very extensive use of aluminium alloys
in, for instance, the aerospace and

automotive industries.
Hundreds of specialised alloys have been

developed for different purposes, and
various classification systems have been
created to describe them. One of the most
widely used is the International Alloy
Designation System (IADS), based on the
classification developed by the Aluminium
Association of the United States. 

The system used a series of four-digit
numbers to cover wrought alloys. Another
very similar series is used to describe
casting alloys.

Different alloys
Other standards exist in different countries
and there are other classifications to
indicate heat treatments and other
processes that have been applied to the
material.

With this multitude of different alloys
with widely differing properties, recycling
waste aluminium by simple re-melting of
unsorted waste metal is clearly not very
efficient – the composite melt may need
considerable processing and metallurgy
before secondary material with the desired
properties can be produced. 

Sorting scrap and identifying the
different alloys prior to melting adds value
in aluminium recycling. 

Aluminium recycling
The aluminium recycling industry is mature
and well-developed. Since 2001 the
production of secondary aluminium in the
USA from recycling has actually exceeded
that of primary aluminium from smelting
(source: USGS).

The basic recycling process is very simple:
the scrap is charged into a reverberatory
furnace, melted and the molten metal cast
into suitable ingots. Different types of scrap
may require different treatments. The main
types of scrap received for recycling are:

• In some countries UBC – Used Beverage
Containers. Very often these can be part of
a “closed loop” process, whereby the cans
are simply melted to produce the metal
needed for new cans.
• “New” scrap – waste material from the
manufacture of aluminium articles. This
may well be of known origin and
composition. 
• “Old” scrap – material that is recovered
when an aluminium article has been
discarded at the end of its useful life. Such
scrap could be profiles, offset printing
plates, automotive components such as
cylinder heads and wheel rims, window
frames, old electrical conductors, packaging
scrap, aircraft components and so on. 

Aluminium recycling is big business and requires accurate testing equipment to determine the identity
of different alloys. By Marcus Freit.*

Adding value by analysis

Aluminium International Today March/April 2013

*Product manager, mobile metal analysers

ana test copy_30_AIT_0110  5/30/13  9:00 AM  Page 31



March/April 2013 Aluminium International Today

• Dross – this is the residue from other
smelting and refining processes, usually
heavily contaminated with other metals,
and needing extensive processing to
recover usable aluminium.

The level of processing required for these
different types of scrap increases as the
origin becomes less certain. The first two
categories are normally handled by
“remelters” whereas the others are
processed by “re-refiners”. 

At each stage of the recycling process it
is possible to add value by identifying and
separating the different materials in the
scrap. As mentioned before, aluminium
alloys can be melted down and re-used
without loss of their basic performance
properties, so this is a real incentive to
identify the alloy before remelting. 

Because of the financial and
environmental benefits of knowing scrap
composition before remelting, there are
standards that can be applied to scrap
quality. In the European Community, DIN
EN 13920 identifies 15 different categories
of aluminium scrap, specified in part by
their overall elemental composition; and in
the USA, the Institute of Scrap Recycling
Industries (ISRI), also publishes aluminium
scrap categories.

Any scrap dealer or trader that can
supply scrap conforming to these norms
can command a higher price and
commercial advantage. 

The only reliable way of differentiating
between the various alloys and
discriminating between aluminium-based
materials and others is by elemental
analysis. 

Many analytical techniques require
samples to be analysed in the laboratory,
but this is usually impractical for scrap
sorting as it can take far too long if the
laboratory is not on-site and in any case is
usually very expensive relative to the value
of the material being tested.

Very often, the price paid for scrap is
agreed when the consignment arrives at a
dealer’s premises, so very fast analysis is
required. Similarly, a consignment may
contain many different items, so a large
number of analyses is needed in a short
time for the final result to be
representative. 

Usually scrap comes in a variety of
shapes and sizes, so any technique used
must be able to cope with this as well. The
ideal equipment should be simple to use
on-site by non-scientifically trained
personnel, and be portable. Minimal
sample preparation is typically required. 

Small, hand-held X-ray Fluorescence
(XRF) spectrometers can satisfy these
requirements, and the SPECTRO xSORT
employs the latest XRF technology to
provide a comprehensive, easy-to-use
solution for sorting metal scrap. 

For some requirements, like the analysis

of Al/Li alloys, the answer may be the
Spectrotest, a mobile optical emission
spectrometer.

Instrumental techniques for alloy
identification
Energy Dispersive X-ray Fluorescence
(EDXRF) and Optical Emission
Spectrometry (OES) can be used by
operators without analytical knowledge to
return accurate analyses of even complex
alloys in seconds, and give reliable alloy
identification.

These techniques work on the
spectroscopic principle, which relies on the
internal structure of the atoms of the
material being analysed.

The atoms of the sample are “excited”
by an external source of energy, which is
absorbed and raises the energy level of the
electrons in the sample atoms. This
“excited state” is unstable, and the
electrons rapidly return to their normal
state, re-emitting energy as they do so. 

The energy emitted, or emission
spectrum, is absolutely characteristic of the
elements contained in the sample, and its
intensity is proportional to their
concentration. 

The two techniques, EDXRF and OES,
differ in the type of energy used to excite
the sample atoms: in the former it is a
beam of X-rays and in the latter it is an
electric arc or spark. 
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The Spectro xSORT
The design, performance and simple
operation of the SPECTRO xSORT hand-
held X-ray fluorescence spectrometer
make it ideal for scrap sorting. The
technique works by irradiating the surface
of the sample with a beam of X-rays. 

This induces fluorescence in the atoms
in the sample, which is then re-emitted as
X-rays of a lower energy. Each element
emits X-rays of a different and unique
energy or wavelength, whose intensity is
proportional to the concentration of that
element in the sample. 

Detection technologies have been
developed that can discriminate between
the fluorescent X-rays emitted, measure
their intensities and hence determine the
concentration of the different elements in
the sample. The SPECTRO xSORT can
distinguish quickly and easily between
alloy types and also identify specific alloys
within those groups. 

All that is necessary is to bring the
xSORT into contact with the surface of the
test sample and press the trigger. 

The user interface and results are
displayed on a touch-screen. The results
are displayed on the touch-screen either as
a complete analysis or with grade
specifications.

The xSORT can provide a simple Pass/Fail
message using the first sample measured
as a reference. The results can be stored or
sent to an external Bluetooth printer.

The instrument uses stored calibrations
combined with Spectro’s iCAL (Intelligent
Calibration Logic). With any XRF
instrument stored calibrations must be
checked periodically against a known
standard to standardise the system.

The xSORT is fitted with an automatic
shutter that closes between each
measurement, partly to protect internal
components and partly to protect the
operator from possible exposure to X-rays.
iCAL uses this shutter (when it is closed) as
the standard and checks the instrument
status against it between sample
measurements. No operator intervention
is required as any necessary adjustments
to the calibrations are made automatically. 

In many scenarios xSORT can provide an
analysis of alloys in two seconds. 

The “light” elements – magnesium and
silicon – are particularly important in
aluminium metallurgy, and are more
difficult to measure by XRF than “heavy”
alloying elements such as Cu and Zn. With
an additional 10 seconds, the xSORT can
differentiate between various al alloys, and
their Mg content, in 20 to 30 seconds. 

The data show measured and certified
values for various elements in typical
aluminium alloys, and clearly show how the
xSORT can discriminate between these
different alloys, even on the basis of the
more “difficult” elements like Mg and Si.
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10s 99.00
Al 20s 99.00 99.1

30s 99.10
Cu 5s 0.130 0.003 0.14  
Mn 5s 0.033 0.003 0.032
Zn 5s 0.036 0.001 0.029

Element Measurement Measured Standard Actual Value

time Value [%] Deviation [%] [%]

1100Al

10s 92.40
Al 20s 92.80 92.89

30s 92.60
Cu 5s 4.14 0.01 4.26  
Fe 5s 0.43 0.01 0.46

10s 0.8 0.3
Mg 20s <0.5 0.3 0.45

30s 0.4 0.2
Mn 5s 0.75 0.01 0.81

10s 0.78 0.04
Si 20s 0.78 0.03 0.88

30s 0.85 0.02
Ti 5s 0.021 0.002 0.030
Zn 5s 0.045 0.002 0.029

Element Measurement Measured Standard Actual Value

time Value [%] Deviation [%] [%]

2014AD

10s 97.70
Al 20s 97.70 97.77

30s 97.60
Cu 5s 0.071 0.003 0.085
Fe 5s 0.662 0.005 0.64
Mn 5s 1.071 0.006 1.10

10s 0.22 0.03
Si 20s 0.26 0.02 0.25

30s 0.34 0.02
Zn 5s 0.028 0.001 0.020

Element Measurement Measured Standard Actual Value

time Value [%] Deviation [%] [%]

3003Al

10s 85.20
Al 20s 85.10 84.24

30s 85.10
Cr 5s 0.055 0.002 0.050
Cu 5s 3.97 0.01 4.12
Fe 5s 0.523 0.004 0.54

10s <0.64
Mg 20s <0.45 0.050

30s <0.37
Mn 5s 0.018 0.003 0.050

10s 10.0 0.1
Si 20s 10.10 0.07 10.66

30s 10.10 0.06
Zn 5s 0.063 0.002 0.058

Element Measurement Measured Standard Actual Value

time Value [%] Deviation [%] [%]

4145AB
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10s 93.60
Al 20s 93.50 93.49

30s 93.70
Cr 5s 0.162 0.003 0.15
Cu 5s 0.07 0.02 0.078
Fe 5s 0.333 0.004 0.34

10s 4.6 0.3
Mg 20s 4.8 0.2 4.85

30s 4.5 0.2
Mn 5s 0.781 0.005 0.74

10s 0.22 0.03
Si 20s 0.21 0.02 0.17

30s 0.20 0.02
Ti 5s 0.023 0.002 0.027
Zn 5s 0.066 0.001 0.050

Element Measurement Measured Standard Actual Value

time Value [%] Deviation [%] [%]

5083AF

10s 97.60
Al 20s 97.20 97.81

30s 97.10
Cr 5s 0.238 0.003 0.229
Cu 5s 0.301 0.003 0.30
Fe 5s 0.347 0.003 0.35
Mg 10s 0.7 0.3 1.00

20s 1.0 0.2
30s 1.1 0.1

Mn 5s 0.061 0.003 0.052
10s 0.63 0.04

Si 20s 0.60 0.02 0.64
30s 0.63 0.02

Ti 5s 0.028 0.002 0.037
Zn 5s 0.086 0.001 0.08

Element Measurement Measured Standard Actual Value

time Value [%] Deviation [%] [%]

6061SS

10s 88.50
Al 20s 88.50 88.76

30s 88.20
Cr 5s 0.222 0.004 0.22
Cu 5s 1.810 0.009 1.75
Fe 5s 0.143 0.004 0.17

10s 2.8 0.5
Mg 20s 2.8 0.3 2.66

30s 3.1 0.3
Mn 5s 0.048 0.004 0.031

10s 0.27 0.03
Si 20s 0.26 0.02 0.19

30s 0.24 0.02
Ti 5s 0.072 0.003 0.092
Zn 5s 5.56 0.01 5.75

Element Measurement Measured Standard Actual Value

time Value [%] Deviation [%] [%]

7075AF

The Spectrotest
As these results show, the SPECTRO xSORT
can handle many scrap sorting tasks
encountered within the aluminium
recycling industry. When better precision is
required on the light elements, such as Mg
and Si, or if Al/Li alloys are likely to be
encountered, then the Spectrotest comes
into play. Al/Li alloys are a new generation
of materials with exceptional
strength/weight properties giving them
important applications such as wrought
alloys in the aerospace and defence
industries. 

Conversely, more than 5ppm Li in an
alloy can cause problems with casting, so
it is important to be able to identify these
alloys in scrap. 

The Spectrotest is a mobile metal
analyser that works on the principle of
Optical Emission Spectrometry (OES).
Atoms in the sample are excited by an
electric arc or spark when each element
emits light of characteristic wavelengths in
the ultra-violet and visible regions of the
spectrum. The arc or spark is generated at
a sample probe on a flexible umbilical cord
that can be up to 8m long. Like the xSORT,
the probe is placed in contact with the
sample to take a measurement. Because
metal atoms are expelled from the surface
when the measurement is taken, a small
burn mark will appear on the surface of
the sample. Light emitted by the sample is
transferred via a fibre optic to the optical
system where it is separated into its
different wavelengths using a diffraction
grating, and the individual intensities are
measured with a suitable detector. 

The Spectrotest also uses iCAL
procedures and can identify and verify
alloys automatically in a few seconds. The
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Si 1.82 1.86 0.0054
Fe 0.43 0.41 0.0130
Cu 0.196 0.18 0.0006
Mn 1.070 1.06 0.0120
Mg 0.450 0.43 0.0030
Zn 0.050 0.044 0.0018
Cr 0.043 0.038 0.0010
Ti 0.030 0.026 0.0023
Be 0.0038 0.0037 0.0001
Li 0.0006 0.0004 0.0001
Al Balance 96.36 0.0290

Element Certified Measured Standard

Value [%] Value [%] Deviation [%]

4015 Alloy

1050 0.0021 0.0022 0.0001
1200 0.0015 0.0012 0.0001
6151 0.0007 0.0007 0.0001

Alloy Certified Measured Standard

type Value Value [%] Deviation [%]

Li [%]

physical constraints of the optical system
mean that Spectrotest is larger than xSORT
– weighing 64 lbs (29Kg) – and less
portable, although the sample probe can
be up to 8m long and allows flexible
sample access.

The Spectrotest can detect all the
elements of interest in routine scrap

sorting as well as elements like Be or Li that
cannot be detected with a hand-held XRF.

Conclusion
Elemental analysis of aluminium alloys can
improve efficiency and add value at all
stages of the aluminium recycling process.
Portable and mobile spectrometers are

capable of accurate, rapid and reliable
alloy identification, on-site and in the
hands of operators without specialised
analytical knowledge. �

Contact:-
www.spectro.com
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