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Abstract
Emissions from the transportation industry combined
with increasing consumption of materials have inspired
the automotive industry to use lightweight materials in
auto-bodies. A wide diversity of materials is being used,
for example, aluminum, magnesium, and plastic compos-
ites. This light weighting approach is a proven sustain-
ability strategy improving fuel economy and thereby
reducing greenhouse gas emissions. However, increasing
the number of differing types of materials in cars is
actually complicating recycling operations. Critical met-
als used as alloying additions are dissipatively lost in the
recycling process and can also negatively impact recy-
cling rates by accumulating as tramp elements. This work
combines compositional characterization of automotive
materials, material flow analysis, and techno-economic
assessment to better understand this problem and inform
solutions. Results show that both technical solutions like
sensor-based sorting and operational solutions like com-
positionally based blending can decrease material losses,
thereby reducing the negative impacts and inching closer
to a circular economy.
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Introduction and Background

Light weighting has been proven to be a sustainability
strategy that can improve fuel economy and thereby reduce
greenhouse gas emissions [3]. Aluminum, being a key

material of choice for light weighting, has seen significant
growth in its overall use by the automotive sector. Figure 1
shows that in the US and Canadian markets, 35% of all
aluminum used in 2016 went into the transportation sector
with a majority of that aluminum being used in automotive
applications (with some aerospace applications as well).

Besides providing improved fuel economy, aluminum is a
material of choice due to its excellent recyclability. Sec-
ondary production actually outpaces primary production in
most aluminum markets. However, increasing the number of
differing types of materials in cars can actually complicate
recycling operations creating challenges in positive material
identification and sorting which can actually lower recycling
rates. Another key challenge is the increasing divergence of
sources and sinks [1]. Aluminum alloys for engine castings
are compositionally tolerant to a wide array of tramp or
unwanted metals being carried by the aluminum scraps.
Therefore, they have historically been able to have up to
100% scrap by weight. However, the use of castings in
automotives has been steadily declining while other uses
such as wrought, etc. are increasing. The challenge is that
these wrought alloys are not as compositionally forgiving
and instead have tight Aluminum Association specifications
on other metals included. This means that less scrap can be
incorporated to maintain the needed functional properties
that the specifications are tied to. While these trends have
been happening for quite some time, Fig. 2 shows some of
these dynamics in just the last decade. Figure 2 shows the
types of alloys produced by secondary smelters in the US.
Castings include die cast alloys such as 380 variants as well
as sand and permanent mold alloys such as 356 and 319.
Wrought alloys are mainly extrusions and the other category
captures Al-Mg, Zn, Si, Cu, Ni alloys, high purity aluminum
alloys, and aluminum used for steel deoxidation. Between
2006 and 2016 cast alloys have decreased in production by
26% and wrought alloys have grown by 17%. Figure 3
shows the use of old scrap types over this same period of
time; it shows about a 22% increase in old scrap being used
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with large gains in extrusions (+130%) and wrought scraps
(+150%) and decreases in automotive shred (−50%).

Beyond source-sink divergence in aluminum automotive
alloys, increased usage of a diverse set of alloys has also
increased the diversity of alloying elements included. Many
of these alloying elements have been deemed critical by
various organizations due to their importance in demand
applications combined with supply concerns. Critical metals
used as alloying additions are dissipatively lost in the re-
cycling process and can also negatively impact recycling
rates by accumulating as tramp elements [2, 6].

Methods

This hypothesis was tested by collecting several types of scrap
alloys from various scrap yards and automotive shredding
facilities in North America. Samples included both prompt and
end-of-life scraps as well as both wrought and cast aluminum
alloys. While many scraps were labelled with a best guess
estimate for alloys by the yard inspectors, such alloy designa-
tion was not confirmed. These scraps were tested via handheld
laser induced breakdown spectroscopy units (HH-LIBS); these
were not polished samples and readings were taken in at least
three locations with as many as twelve readings per sample.

Results

Our work shows that these shifts in alloy use are creating
problematic elements that historically were not tracked as
routinely. For example, silicon, iron, copper, magnesium,
and zinc are common alloying additions that accumulate and
appear as tramp elements that are problematic to producing
wrought alloys. Recently, other elements such as vanadium,
titanium, manganese, and nickel are becoming more prob-
lematic to blending decisions. Figure 4 shows vanadium

Fig. 1 Aluminum use by sector in the United States and Canada in
2016 (total usage = 12 million metric ton) [4]

Fig. 2 Production of secondary aluminum alloys by independent
smelters in the United States in metric tons [4]

Fig. 3 US and Canada old scrap
categories in 2006 and 2016 from
the United States Geological
Survey [4]

Fig. 4 Average weight percent vanadium for prompt wrought alu-
minum alloys (labelled as likeliest alloy although as these were scraps,
not confirmed)
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content for several prompt wrought aluminum alloys. While
still relatively low, these results indicate that depending on
the blending decision made, it would be possible to melt
alloys together that would result in batches exceeding many
vanadium specifications for wrought aluminum alloys. Such
results are supported by other studies that have quantified
similar increases in such tramp elements [5].

Other preliminary results also show that both technical
solutions like sensor-based sorting and operational solutions
like compositionally based blending and tolling can decrease
material losses, thereby reducing the negative impacts and
inching closer to a circular economy.

Conclusions

The use of aluminum as a light-weight material in
auto-bodies has shown a continuously increasing trend. This
has led to the use of a diverse range of alloying elements to
improve and enhance properties. Recent studies have shown
that these alloying elements accumulate as tramp elements in
the recycle stream, complicate recycling operations and
thereby transfer blame for the environmental impact from
fuel use in traditional vehicles to that from low recycling rate
of light-weight vehicles.

Our work, using compositional characterization and
techno-economic assessment has shown the presence of
these tramp elements in end-of-life scraps and thus hinting at
the necessity of effectively implementing compositionally
based blending and other operational solutions to decrease
material losses and inch closer to a circular economy.
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