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Abstract—Recovery of waste metals of aircrafts is an
important step during recycling process which is harder and
more harmful by the presence of different toxic components.
This study investigated the effects of different electrolyte (HCI,
NaOH, HNO;, H,SO,, H;PO,, NH,OH) on the separation and
recovery of waste metals layers using the electrochemical
treatment with a constant voltage 3v.In addition, the influence of
electrolyte concentrations(10, 5, 3, 1) mol/l were studied after
choosing the most effective electrolyte, the separation processes
has been compared with and without electrochemical treatment.
In order to analyze the micro structural of aircraft samples
Scanning Electron Microscopy (SEM) equipped with Eds and
opto-digital microscopy were used. The SEM images result
shows that the aircraft waste contains seven layers, with
different compounds. The major elements are Aluminum,
chromium and titanium. It is observed hydrochloric acid has the
best result on complete solving of the middle layer contains
highest Aluminum element, so its solution release the other
layers. The higher hydrochloric acid concentration and
electrochemical process makes the separation of layers 14 times
faster. The procedure was successfully separated and recovered
three layers (aluminum layer chromium layer and titanium
layer).The separation process can recover approximately 466 kg
aluminum, 37 kg chromium and 138 kg titanium from 1 ton of
waste metal.

Index  Terms—Aircraft recycling  waste metals,
electrochemical treatment and hydrochloric acid, metal
recovery.

I. INTRODUCTION

The average life of an airplane is approximately 30 years,
furthermore 12,000 aircrafts will be out of service at next 20
years thus their storage is no longer a suitable solution, on the
other hand the number of airplanes increase dramatically in
the last decade [1], [2] so the aerospace industry needs an
economical and ecological process for aircraft recycling
which is applicable to a wide range of materials. The
recycling will reduce the consumption of energy and
environment pollution e.g. about 60 to 80% of the airplane
structures consist of aluminum alloys, causing a total
production of 192000 tons of aluminum in 2008. Recycling of
aluminum will save energy and avoid toxic end mud during
the aluminum production. On the other hand 10 tons of
titanium production need about 10 days at 950 degree Celsius.
Recycling of titanium compared to aluminum will save more
energy because the energy required for titanium production is
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50% higher than aluminum production [3].

The main process of recycling aluminum alloys which used
by the previous researches is grinding and melting. This
method requires about 5% of the energy producing new metal
[1]-[4]. There is a few researches on the airplane waste metals.
Recently AFRA (Aircraft Fleet Recycling Association) uses
grinding and melting metal technique but with this process,
the materials grinds without separating the coating which
contains numerous hazardous and toxic metals (chromium)
makes the processes too complex and time consuming [5].
The melting process requires 6000 kcal/kg energy for waste
metal, high operation costs due to the large number of
operations, and high pollution due to fumes and dross
generated during the melting of the scrap [6].

The new researches propose some new methods for the
recycling of aluminum alloys used Laser Induced Breakdown
Spectroscopy (LIBS) method which is the only method to
separate both cast and wrought aluminum into their individual
alloys. The major limitation for the LIBS is that the surface of
the aluminum scrap must be free of paints, lubricants or
adhesives, since the pulse laser can only penetrate to a depth
of 30 A or less on the surface of the aluminum [7], [8].

The other researches propose pressing and hot extrusion
aluminum alloy by cold and hot pressing followed by hot
extrusion but this method is expensive [9].

Color sorting is another method for alloy separating on the
basis of their color as a result of chemical reaction a special
solution. But this process cannot use to separate individual
alloys within a family e.g. an alloy with high Zinc and low
Copper concentration has a similar etching response as an
alloy with high Copper and low Zinc contents [7]-[10].

The all new methods mentioned are expensive and not
applicable for aerospace recycling industry.

The aim of this work is to propose a green process with the
optimum parameters of performance, quality and cost. Many
researches are proposed using electrochemical treatment for
metal extraction using different acids and bases in waste water,
soil, etc. Ref. [5]-[21] but there are a few researches in the
aerospace industry. This research try to applicate the
electrochemical treatment on waste metals of aircraft. The
treatment will be used in order to separate and recover the
different layers of aircraft waste metals.

Il. MATERIAL AND METHOD

A. Sample Preparation

Some round specimen with diameter 2 cm are cut from a
wing of airplane manufacture. Precise cutting is used to avoid
deformation of samples during cutting process.
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B. Microstructure Analysis

One of samples is hot mounted by conductive resin for
micro structural analysis as shown in Fig. 1. The specimen is
polished by different abrasive papers and finishing by 1
micrometer diamond paste solution alumina suspension.
Scanning Electron Microscopy (SEM) equipped by EDS was
used to analyze and estimate the chemical composition,
opto-digital Olympus microscope model DSX500 was used to
observe the different layers and to determine their thickness.

——

Sy

Fig. 1. The specimens and mounted sample.

C. Chemical Process

The electrolytic cell consisted of the rectangle steel cathode
with dimension 2x2 cm and sample as anode. Fig. 2 shows the
electrochemical cell. The samples weight was 1.1 gr before
experiment. At the first step the research started with
comparative study to compare the effect of different
electrolytes on separation process such as Acids (HCI, HNO3,
H2S04 and H3PO4) and bases (NH40OH and NaOH). The
volume of solution was 500 ml contains acid or bases with
concentration 3.3 mol/l. The experiments were done under
room temperature with a constant voltage of 3v. After
choosing the best electrolyte, different electrolyte
concentrations (Imol/I, 3mol/l, 5mol/l and 10mol/l) are tested
to find the optimum condition of process for separating
different layers of materials.

Power supply
+l1-

Fig. 2. Electrochemical cell.

The SEM image of different layers of sample is shown Fig.
3. The first and last layer are resin which is useless in this
research. The thickness of each layer and its chemical
composition are shown Table | and Fig. 4 respectively except
the resin layers. The chemical composition is result of average
of 3 different points of Edxin each layer. It is approximate

RESULTS

669

results.

45 6 789

Fig. 3. The SEM image of different layers of sample.

TABLE I: THE THICKNESS OF LAYERS

No. LAYER THICKNESS (MM)
LAYER 2 28.137
LAYER 3 991.220
LAYER 4 15.536
LAYER 5 77.744
LAYER 6 59.120
LAYER 7 74.63
LAYER 8 27.965

TOTAL THICKNESS 1274,352
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Fig. 4. The chemical composition of salmples layers before treatment.

Fig. 5. The separated layers by the electrochemical process.

The major element of layer 2 is chromium and it is called
layer A for this research. The major element of layer 3 is
aluminum which is called layer B and the major element of
layers 4,5,6,7 and 8 is Titanium which is called layer C. There
are other elements such as Boron, Barium, Lead, magnesium,
gold, silver, tantalum, Hafnium, Rhenium, etc in each layer
but the focus is on the Chromium, Aluminum and Titanium in
this research.
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During electrochemical process HNO3, H2S04, H3PO4
and NH4OH have a negligible separating effect during 24
hours. But HCI and NaOH can easily solve the middle layer
and separate the other layers as shown in the Fig. 5. The Fig. 6
shows the chemical composition of each layer after separation
treatment. The effect of HCI and NaOH electrolyte on
separation process is shown in Table I1.

120
100
80

60

weight percent

40

20

LayerA  LayerB  LayerC
Fig. 6. The chemical composition of samples layers after treatment.

TABLE I: THE EFFECT OF ELECTROLYTES ON SEPARATION PROCESS

Electrolyte Time of separation Results weight (gr)

layer A: 0.07
layer B: 0.86
layer C: 0.17
layer A: 0.07
layer B: 0.86
layer C: 0.17

HCI 39 min

NaOH 13 hours

The time of separation process and the weight of each layer
after separation as a function of electrolyte concentration is
shown in Table I11.

The effect of Hydrochloric acid treatment on separation
process with and without electrochemical treatment using
acid concentration of 10 mol/l was 0.5 hour and 7 hours
respectively.

TABLE II: THE EFFECT OF ELECTROLYTE CONCENTRATION ON SEPARATION

PROCESS
Concentration Time of layer layer layer
(mol/l) separation Weight Weight Weight C

(min) A B (gr) (9n)

10 27 0.05 0.80 0.21

5 35 0.06 0.79 0.23

3 40 0.04 0.81 0.22

1 49 0.05 0.82 0.23

IVV. DISCUSSION

Fig. 3 and Fig. 4 shows seven layers with different layer
concentration which contain mostly chromium, aluminum and
titanium and other elements. The layer B with highest
aluminum is the middle layer so its solving will grantee its
separation from left and right layers. Layers separating makes
the recycling process easier, safer and more ecological. Table
Il shows that the hydrochloric acid separates the layers in
shorter times than sodium hydroxide acid because of the
affinity of chlorine with aluminum as the results shows good
agreement with literature. The other electrolyte cannot
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separate the layers.

Table 111 shows higher concentration decrease the time
required for separation process furthermore the process will
be faster by electrochemical process so it is possible to use the
electrochemical process for recycling. Also it will have cost,
but it will save time, so it can decrease the total cost of process.
It is recommended an economic study for the treatment
process at future researches.

The separating process recovers about 466 kg aluminum
from 1 ton of waste metal on the basis of weight percent that
has been showed in Fig. 6.The resulting solution which
contained solved aluminum can be used for water treatment,
also it is possible to extract the aluminum from the solution
[22], [23]. It recovers 37 kg chromium and 138 kg titanium,
S0 it is possible to melt the chromium and titanium layers to
make alloys. But for other recycling of chromium and
titanium it is recommended to separate them for future
research. Furthermore it is interesting topic for further
research on the life cycle assessment to assess environmental
impact of the process.

V. CONCLUSION

Different layers of waste metals from the wing of airplane
has been separated by electrochemical treatment, using
Hydrochloric acid. There are seven layers and their major
elements are Aluminum, Titanium and chromium. The middle
layers contains high content of aluminum thus solving this
layer will release the surrounded layers. It is obtained that
HCI with electrochemical has the most effective removal and
recovery process between Acids (HCI, HNO3, H,SO4, H3PO,)
and Bases (NH,4OH and NaOH). Electrochemical makes the
separation process about 14 times faster compare the process
without electrochemical. The proposed method is cheap, fast,
non-toxic and practical for aerospace industry. This method
cannot separate the all of layers. For future researches it is
proposed to develop this method to separate the rest of layers
for higher efficiency of recovery.
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