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Abstract

Introduction: : The purpose of this research is solid state recycling of 3000
and 5000 series aluminum alloy scrap to produce aluminum nano-
crystalline powder by mechanical milling without using process controlling
agent. In this regard, aluminum used beverage cans (UBCs) which consist of
lid (alloy 5182) and the monolith part (alloy 3004) of the body (thin) and
bottom (thicker).

Methods: To achieve disintegration mechanism, lid part, body and bottom
of monolith part are separated each other because of diverse constituent of
Al series and different thickness. The three parts individually were decoated
then cut into the small chips (app. 8 mm). The chips were mechanically ball
milled at different times up to 104 hours under argon atmosphere. The ratio
of ball to powder was 10 to 1.

Findings: The lid part chips are crushed faster than the monolith part chips,
and, resulting in a finer powder. According to the PSA results, the D90 of the
lid powder is less than 150 micrometers; while D90 of the body and bottom
powders are more than 150 micrometers. This result can be used on an
industrial scale to separate the constituent elements of crushed UBCs from
each other. The smallest D90 values of lid, body and bottom powders, which
obtained after 72, 80 and 80 h as optimum milling time, are 109, 258 and
391, respectively. Also, their flowability were 57.8, 59.3 and 61.1 s/50 g, as
well as the apparent density were 1.38, 1.43 and 1.46 g/cm3, respectively.
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Aluminum nanocrystalline powder production from aluminum alloy scrap by solid state recycling method

Extended Abstract

Introduction

Metals and alloys, compared to other
materials, have the highest potential for
recycling [1]. Aluminum powder is widely
used in aircraft fuel, aerated lightweight
concrete, and explosives [2]. The recycling of
aluminum waste is done by two Method:
solid state and molten state. Two methods of
milling (solid state) and gas or water
atomization (molten state) are used to
produce aluminum powder [3]. In molten
state recycling, about 12% by weight of
aluminum metal is oxidized and about 10%
by weight is wasted during slag collection
[4]. In recycling small - sized Al scraps like
machining chips, oxidation losses increase
up 16% or even up to 25% [5]. Also, in the
next stages, such as casting and processing of
aluminum ingots, there are losses
amounting to about 8% and 18%,
respectively, ultimately no more than 50% of
the metal is recovered [6]. Therefore, solid
state recycling is preferred, Due to energy
and materials savings and environmental
benefits [7]. Solid state recycling of
aluminum scrap can be done through
methods such as hot extrusion [8], friction
stir extrusion [9], hot press forging [10], cold
rolling [11], high pressure torsion [12], and
mechanical milling [13]. The mills can be
divided into two main groups: indirect and
direct milling equipment [14]. Mechanical
milling is widely regarded as one of the most
efficient nanotechnology techniques for the
top - down preparation approach of a broad
variety of nanocrystalline, nanoparticles,
and nanocomposites materials [15]. In
planetary ball milling; Plastic deformation,
cold welding and fracture are predominant
factors [16]. Some of the important
parameters in the milling process are: type
of mill, milling container, ball-to-powder
weight ratio, extent of filling the vial, milling
atmosphere, speed, time and temperature of
milling and process control agent [17].
Aluminum used beverage cans are made of
two aluminum alloys (3004 ASTM for the
main body and 5182 ASTM for the lids) [18].
According to Bochvar, the freezing range is
the range between the temperature of the
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onset of the linear shrinkage and the
nonequilibrium solidus of the alloy [19].
During solidification of aluminum 3000 and
5000 alloys, Al¢(Mn, Fe) or Ali2(Mn, Fe)Si
and Mg2Si intermetallic phases are formed
in the aluminum matrix, respectively [20].
Because the 5182 alloy has a wider freezing
range than the 3004 alloy, it cracks in more
places during milling and breaks into very
smaller particles [18].

Materials and Methods

The materials used in this research are
aluminum beverages cans from the Coca-
Cola brand with a capacity of 330 ml
Laboratory sulfuric acid with 98% purity
was used to decoating and cleaning of
aluminum cans. The decoated cans were cut
into square pieces, with a dimension of less
than 8 mm, by industrial scissors to obtain
the primary chips needed for the mechanical
milling  process. The chips were
mechanically milled up to 104 hours using a
planetary ball milling machine without any
process controlling agent (PCA) under argon
atmosphere. The ball to powder ratio was 10
to 1. 15 min rest time was used in every 15
min milling. PSA, sieve analysis and SEM
microscopy were used to determine particle
size. XRD was used to obtaining constituent
phases and also the crystallite size were
calculated by Williamson hall equation.
Flowability and apparent density of
obtained powder were determined
according to ASTM B213 and B212,
respectively.

Findings and Discussion

By analyzing the aluminum alloys chips of
3000 and 5000 series, it was observed that
there are Ali2(Mn, Fe)Si and Mg,Si, as
intermetallic phases in the Al matrix,
respectively. These intermetallic phases are
seen as with polygonal and spherical
particles matrix. On the other hand, after
milling aluminum chips, it was observed that
the lid powder are finer than the body and
bottom powders. Also, the smallest powder
size for lid, body and bottom obtained after
72, 80, and 80 hours milling (called as the
optimum milling time). Their D90 were 109,
258, and 391 micrometers, respectively.
Also, it can be seen that even the most
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coarsest powder produced after 48 hours
milling is smaller than the body and bottom
powders after the same milling time. This is
really beneficial achievement concept for
separating lid powder from the body and
bottom powders.

Conclusion

In the present research, the solid state
recycling of aluminum used beverage cans
made of 3000 and 5000 series alloys was
successfully carried out using a planetary
ball milling machine, without using any
process control agent. It was also concluded
that disintegration and cold welding are in
competition with each other so that before
the optimum milling time the disintegration
mechanism is dominant and after that
agglomeration is occur.
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