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The paper presents thermodynamic aspects regarding the low temperature processing of small metal
waste - aluminum alloy scraps. The activation energies of oxidation reactions of aluminum and some
alloying elements with water vapors, carbon dioxide and oxygen present inside the furnace are compared,
at the usual and experimentally temperatures (at 580 – 620oC, near the eutectic temperature, when the
melt is in the semisolid/pasty state), in the elaborating of EN AB 46100 secondary alloys. The composition
of the flue gases is presented at different temperatures and during different technological stages. Using
electronic microscopy and EDS analysis, the elemental composition of the impurities resulted from the melt
is highlighted.
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Conventional recycling techniques generate hazardous
residue that usually requires disposal at a high cost.
Aluminium slags contain MgAl2O4, Al2O3·FeO, calcium
oxides, AlN, quartz (SiO2), α-Al2O3, periclase (MgO), spinel
(Mg, Si)Al2O4, chlorides (AlCl3, NaCl, KCl), fluorides (CaF2,
NaF, AlF3, Na3AlF6 etc.), carbides (Al4C3), sulphides (Al2S3,
FeSO 3), phosphors, impurities, apart from metallic
aluminium (between 80% and 20%). By washing them
with hot water the AlN compound can be transformed into
Al(OH)3, which, in reaction with Na and K leads to the
removal of chlorides from waste [1, 3, 8, 10, 13 -15].
By processing aluminium and aluminium alloy scraps
with the usual techniques, the loss of aluminium can easily
reach 50%, traditional recovery procedures becoming
ineffective. In paper [2] studies are presented regarding a
new aluminium recovery process by treating the black slag,
(ABD - Al black dross), a by-product formed during
aluminium scraps melting.
Six major phases have been identified: spinel (MgAl2O4),
aluminium nitride (AlN), diaoyudaoite (NaAl 11 O 17 ),
aluminium oxynitride (Al5O6N), halite (NaCl) and corundum
(Al 2O 3). In addition, hibonite compounds (CaAl12O 19),
calcium fluoride (CaF2), calcite (CaCO3) and sylvite (KCl),
are also present as minor constituents. NaCl, KCl and CaF2
are compounds from the fluxes used to treat the melt in
order to protect the metal from the reactive atmosphere in
the furnace.
Corundum comes from the reaction of atmospheric
oxygen with molten metallic aluminium at high
temperatures. As reaction products, we also encounter
nitrides due to the presence of nitrogen in the atmosphere
of the furnace and due to the high temperatures at which
the processes take place. MgAl2O4 is the result of oxidation
of magnesium in aluminium waste, where it is present as
an alloying element. The presence of CaCO3 compound
can be explained by the reaction of CaO impurities in the
raw material with CO/CO2.
White slag can be reprocessed for the recovery of
mechanically entrained aluminium or in compound form,
black slag can be, and must be converted into
environmentally friendly commercial products [4]. Slag
processing can be done by acid solubilization [12].

H.N. Yoshimura et al. and Apeng Li et al. have studied
the possibility of using aluminium white slag to obtain a
refractory material - High-alumina refractory (HAR), with
the main crystalline phase Al2O3 and traces of MgAl2O4
and CaAl2O4, by replacing the materials currently used. They
can be used in the production of ceramics, cement, in the
construction of furnaces used in the metallurgy of nonferrous metals, the machine building industry and the
defence industry, extending also in space and nuclear
engineering [5, 6, 11].
The production of η-alumina has also been studied to
avoid environmental pollution and to obtain a material with
special properties. The main advantages of this new
material are corrosion resistance, thermal shock
resistance, thermal stability and good refractory properties.
Another great advantage is the lack of the need to store it,
thus avoiding the pollution of the groundwater [7].
Experimental part
The raw material used in the experiments is aluminium
chips, unprocessed, in accordance with national and
international standards. This material is classified as
conforming SR EN 13920-12 or 13, equivalent to ISRI TEENS
(fig. 1) or TELIC (fig. 2) notations and consists of aluminum
borings and turnings of one specified alloy (TEENS - the
material must be free from oxides, dirt, free iron, stainless
steel, magnesium, oils, flammable liquids, moisture and
other non-metallic elements), or derived from two or more
alloys (TELIC - the material must be clean, uncorroded
aluminum borings and turnings of two or more alloys and
subject to deductions for fines in excess of 3% through a
20 mesh screen and dirt, free iron, oil, moisture and all
other non-metallic items) [18].
This type of material does not always meet moisture or
impurity requirements. This paper proposes a high humidity
aluminium metallic scraps processing technology, with
low values in terms of combustion losses-taking into
account the dimensions of the particles.
In this study, it is intended to reintroduce into the industrial
circuit small metallic waste (scraps) with high humidity in
order to obtain a secondary standardized alloy. The removal
of impurities from the melt will be done through fluxing
treatment.
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Fig. 2. ISRI TELIC
Fig. 1. ISRI TEENS

Fig. 3. The aluminium scraps
analysis used in experiments
a) chemical composition;
b) and c) share of the main
elements

Fig. 4. Diffractogram of high-weight compounds in
the analysed chord

The aluminium scraps used in the experiments were
analysed by diffraction (fig. 3,4) to highlight its composition.
Since the humidity in the material is very high, the results
obtained (in percent) are not conclusive.
By combustion of methane gas in room-type furnaces,
the flue gases come in direct contact with the raw material
for preheating, heating and melting. Following the
reactions that take place [16] mainly, the following reaction
products are produced: CO, CO2, H2 and H2O. These gases,
together with combustion oxygen, interact with the

materials that form the charge, leading to the formation of
a significant amount of slag, i.e. significant losses through
oxidation.
In this article, the authors propose the processing of
aluminium alloy castings to obtain low-temperature
secondary alloy EN AB 46100 to reduce batch/load
oxidation.
The choice of temperature was made based on the data
from speciality literature (table 1) [17] but also of its own
experiments.

Table 1
EUTECTIC TEMPERATURE OF SOME ALLOYS Al-Si-Cu [17]
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Table 2
THE CHEMICAL COMPOSITION
OF THE FLUE GASES DURING THE
EXPERIMENTS

Based on the data in table 1 but also on our own
experiments (EN AB 46100, 10.75% Si, 1.81% Cu, 1.34%
Zn, 0.93% Fe, Teut = 568°C) it has been chosen that the
working temperature, the temperature of the semisolid/
pasty metal material in the furnace, should fall within the
limits of 580 ÷ 620oC.
The experiment took place at SC AS Metal SRL, on a 16tonne furnace equipped with the oxy-fuel system. Flue gas
samples were taken at different points in the process with
DELTA 2000-IV apparatus, as can be seen from table 2.
Low-temperature processing reduces losses of oxidation
for both aluminium and other metallic elements in the
scraps composition by incorporating it into the semi-solid/
pasty melt. The subsequent overheating of the melt leads
to an advanced assimilation of the scraps into the molten
metal mass.
After the loading of each batch, the volatiles and the
moisture in the chips/scraps evaporated after the contact
with the hot bath and the remainder of the material was
homogenized with the melt resulting in a viscous bath
having a temperature of about 620°C.

Result and discussions
From the thermodynamic studies of the reactions that
can occur between the metal bath/chips and the reaction
products between methane gas and oxygen, given the
chemical composition of the secondary alloy studied, we
have selected the following reactions as very probable.
2Al + 3H2O(g) = Al2O3 + 3H2(g)
2Al + 3CO2(g) = Al2O3 + 3CO(g)
2Al + 1.5O2(g) = Al2O3
2Mg + O2(g) = 2MgO
2Mn + O2(g) = 2MnO

(1)
(2)
(3)
(4)
(5)

Another category of reactions that may occur are those
with the formation of complex compounds, between the
aluminum oxides and the metal oxides in groups 1 and 2
of the Mendeleev Table (spinel), as can be deduced from
the electron microscopy analysis and the EDS analysis
presented in figure 5.

Fig. 5. Electron microscopy analysis (a) and EDS analysis with
the chemical composition of the filiform compounds (b) and
fragmented gray compounds (c)
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2Al2O3 + 2Mg + O2(g) = 2MgAl2O4(ia)
Ca + 2Al + 2O2(g) = CaAl2O4(ia)
Ca + 2Al + 4CO2(g) = CaAl2O4(ia) + 4CO(g)
Mg + 2Al + 4CO2(g) = MgAl2O4(ia) + 4CO(g)

(6)
(7)
(8)
(9)

Activation energies of the reactions
The dependencies of the speed constants of the
temperature reactions (1) ÷ (5) are represented in figures
6-10 and can be calculated with Arrhenius’s equation:
K=Aexp(-Q/RT)

a

(10)

where:
A represents the frequency factor;
Q is the activation energy of the reaction, kJ/mol;
R is the universal gas constant;
T is the absolute temperature, K.
By logarithm, it results:
ln K = ln A+(1/T)(-Q/R)

(11)

The variation of the speed constant parameters in
relation to temperature for each reaction is shown in tables
(3-7).

b
Fig. 6. Dependence of the speed constants of the temperature
reaction 1 for the two intervals: a) 823.15 - 903.15 K; b) 903.15 983.15 K

Table 3
VARIATION OF
THERMODYNAMIC
PARAMETERS BY
TEMPERATURE FOR
REACTION 1

Table 4
VARIATION OF
THERMODYNAMIC
PARAMETERS BY
TEMPERATURE FOR
REACTION 2

Fig. 7. Dependence of
the speed constants
of the temperature
reaction 2
for the two intervals:
a) 823.15 - 903.15 K;
b) 903.15 - 983.15 K

a
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Table 5
VARIATION OF THERMODYNAMIC PARAMETERS BY TEMPERATURE FOR REACTION 3

a

b
Fig. 8. Dependence of the speed constants of the temperature reaction 3 for the two intervals:
a) 823.15 - 903.15 K; b) 903.15 - 983.15 K
Table 6
VARIATION OF THERMODYNAMIC PARAMETERS BY TEMPERATURE FOR REACTION 4

a

b
Fig. 9. Dependence of the speed constants of the temperature reaction 4
for the two intervals: a) 823.15 - 903.15 K; b) 903.15 - 983.15 K
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Table 7
VARIATION OF THERMODYNAMIC PARAMETERS BY TEMPERATURE FOR REACTION 5

Fig. 10. Dependence of the speed constants of the temperature reaction 5
for the two intervals: a) 823.15 - 903.15 K; b) 903.15 - 983.15 K
Table 8
VARIATION OF ACTIVATION ENERGIES (Q) FOR THE REACTIONS (1) ÷ (5)

For reactions (1) ÷ (5), for temperature ranges, 823.15
- 903.15 K (550 - 630oC) and 903.15 - 983.15 K (630 - 710oC),
result in the following values for the frequency factors (A)
and activation energies (Q) (table 8).
Conclusions
The processing of small metallic waste at high
temperatures leads to significant losses of both aluminum
as well as the metals that are part of the secondary alloys.
The losses are even higher as the quality of the materials
used is lower.
The proposed technology consists of processing the
small waste at low temperatures (580 ÷ 620oC / 853.15 ÷
893.15 K for the EN AB 46100 alloy), temperatures near
the eutectic temperature of the said alloy.
Using an intermediate step in the technological process
-oxygen only feeds, stage after loading the furnace with a
new amount of waste, leads to the reduction of natural
gas consumption by burning volatile substances from preheating waste composition.
154

For reactions (1) ÷ (5), values of free enthalpy (Gibbs
energy) have very high values in absolute value, which
means that all these reactions take place from left to right
(for example, at a temperature of 610oC / 883.15 K: DG1 =
- 801.461 kJ, DG2 = - 824.018 kJ and DG3 = - 1398.794 kJ).
The reaction activation energy (Q) exhibits higher values
for the 630 ÷ 710oC / 903.15 - 983.15 K temperature range,
than the 550 ÷ 630oC / 823.15 - 903.15 K interval. The
phenomenon that occurs and leads to an increase in
activation energy is oxidation of the scrap surface, a
phenomenon which subsequently leads to an increase in
the amount of slag resulting in the production of secondary
alloys with aluminium base, using small waste.
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