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Although used and studied since the beginning of the century, the mechanical properties of alumi-
num-based structural hardening alloys still conceal some secrets that metallurgists are trying to uncover.
In this work we are interested in aluminum alloys and more particularly in an Al-Cu alloy. The main objec-
tive of this work was to study the influence of structural hardening heat treatments on the evolution of
the mechanical and structural properties of B206 alloys. For that, we used several experimental methods
adapted to this kind of scientific work. We quote essentially: the thermal treatments of setting in harden-
ing, as well as measurements of the hardness. The analysis of the experimental results obtained by these
methods allowed us to explain and to affirm that Al-Cu alloys do not give appreciable structural harden-
ing; because of the difficulty of diffusion of iron and silicon which influences the treatment and brought in
a general way to the precipitation of the phase 3; plays an important role in the evolution of the mechani-

cal characteristics of Al-Cu alloys.

Keywords: aluminum; Vickers hardness; microstructure.

INTRODUCTION

Aluminum in its pure state has poor mechani-
cal characteristics making it impossible to use in
the construction of mechanical structures. On the
other hand, the addition of additive elements with
adequate heat treatments causes the precipitation
of a number of phases in the aluminum matrix.
It should be noted that there are several families
of wrought aluminum alloys that differ in their
main additive elements; Al-Cu (2000 series), Al-Mn
(3000 series), Al-Si (4000 series), Al-Mg (5000 se-
ries), Al-Mg-Si (6000 series) and Al-Mg-Zn alloys
(7000 series). The low density of aluminum alloys
with good mechanical strength is of interest to the
transportation industry (rail, ship, road, aerospace)
[1 - 4]. Currently, aluminum alloys are widely used
to reduce the weight of the vehicle and therefore
save energy [5 — 7].

Aluminium-copper foundry alloy B206 is a
widely used material in the automotive and aero-
space industries due to its excellent combination of
mechanical properties and casting characteristics.
The B206 alloy had generally dendritic microstruc-
ture with intermetallic compounds distributed
along the grain boundaries [8, 9]. The previous re-
search show clearly the presence of copper-rich
particles, identified as CuAl, and CuAl phases,
which has a significant effect on the mechanical
properties of the alloy [10, 11].

Precipitation in aluminum alloys and the phe-
nomenon of structural hardening are typical exam-

ples of a scientific problem where industrial inno-
vation, research work and characterization equip-
ment are progressing over time [12-16]. The
mechanisms of structural hardening involve the
blocking of dislocations by fine objects. The precipi-
tation of a new phase from a supersaturated solid
solution is the basis for structural hardening of al-
loys. The hardening of aluminum alloys by precipi-
tation is characterized by the qualitative knowl-
edge of the precipitation sequence and its influence
on their mechanical properties [17 — 20].

The objective of this work is to study the influ-
ence of the addition of the element Iron on the
microstructural behavior of the foundry alloy Al-
Cu B206 in the cast state and in the naturally aged
state. The work we have done, had as main objec-
tive, to study the influence of structural hardening
heat treatments on the evolution of mechanical
and structural properties of the alloy B206. For
that, we used several experimental methods
adapted to this kind of scientific work. We quote es-
sentially: the thermal treatments of setting in
hardening as well as measurements of hardness.
In this study, the effect of heat treatment linked to
microstructure and mechanical properties of B206
alloy were investigated using optical microscopy,
X-ray diffraction (XRD), and mechanical testing.

EXPERIMENTAL PROCEDURES

Materials. In this study, a commercial alumi-
num-copper alloy type B206 provided by the Center
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Fig. 1. Al-Cu equilibrium diagram

for Aluminum Research University of Quebec at
Chicoutimi (Canada) was used, and its chemical
composition is given in Tables 1 and 2. The alloy of
the material was coded as follows: A(1106) and was
developed from B206 base alloy with a Fe/Si = 1.83
ratio (Fig. 1). The material alloy has a low titanium
content which is about 0.02 %. Their microstruc-
tures present large grains (=70 pm) which thus fa-
vor an increased tendency to hot cracking which is
a major defect for this family of alloys. Recent stud-
ies have shown that the Fe/Si ratio tends to reduce
this major defect [21, 22].

Samples preparation. The specimens were fab-
ricated from B206 bars in the cast state with a di-
ameter of 12 mm and a thickness of 8 mm (Fig. 2).
The specimens were subjected to different heat
treatments.

Sample A0 was heat treated at temperature of
480°C for 2 h, followed by a rapid increase to 520°C
within 1 hour. Subsequently, the specimens were
maintained at 500°C for 2 h, after which the tem-
perature was increased to 527°C in 1 h, and the
specimens were kept at 527°C for 8 h. Finally, the
specimens were quenched in water.

A21: Immediately after quenching, some sam-
ples undergo natural aging for 21 days.

A42: Immediately after quenching, other sam-
ples undergo natural aging for 42 days.

Method of characterization. The microstructure
observations of the samples were carried out by
metallographic observation using an LEICA DM
LM optical microscope, equipped with a CCD
camera coupled to a microcomputer. The X-ray dif-
fraction analysis were recorded using an X’PERT
PRO MRD type diffractometer from PANalytical,
equipped with a copper anode X-ray tube. An acqui-
sition time of 40 sec per angular step of 0.04° was
used over the interval ranging from 40 to 100° (260).
The identification of the crystalline phases were
made by comparing the observed lines with those
of the appropriate phases contained in the data-
base.

The microhardness measurements are made on
polished surfaces using a Vickers microhardness

Fig. 2. The samples based on B206 alloy
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Fig. 3. Representative image of the Vickers hardness
indenter

tester frome Zeiss instrument (Fig. 3). Measure-
ments were performed on the polished surface us-
ing 200 g load and three tests were performed for
each sample.

RESULTS AND DISCUSSIONS

Microstructures caracterization. There was no
obviously agglomerated structure on the flat sur-
face, and no obvious cracks, faults and other de-
fects, only a few small pores were found. It can be
see frome Fig. 4 that the microstructure had two
phases (a white phase and a black phase). We also
notice the appearance of black precipitates in the
form of lamellae on the grain boundaries and grey-
ish spots on the matrix, probably inclusions. There-
fore, some difrence in morphologies of theses sam-
ples can be highlighted, is that for the sample A0
obtained in the cast state (Fig.4,a), the grain
boundaries are wide and coarse but with the aging
time of 21 days for the sample A2 (Fig. 4, b), the

Table 1. Chemical composition of B206 alloy, wt. %
Elements Al Cu Si Fe Mn Mg Ni
460 0.01 0.06 040 0.25 <0.01

Composition bal

Table 2. Chemical compositions of B206 alloys with iron
and silicon additions, wt. %

Elements Al Cu Si Fe Mn Mg Ni
459 0.06 0.11 0.23 0.25 <0.01

Composition bal
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Fig. 4. Microstructure of aluminum alloy samples A0 (a), A21 (b), A42 (c)
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Fig. 5. X-ray diffraction spectrum of aluminum-based alloy
samples A0, A21, A42

boundaries start to become finer and narrower. In
contrast, sample A42 (Fig. 4,c) aged at 42 days
shows small black grains at the grain boundaries.
This can be explained by the segregation of iron.

Structural analysis by X-ray diffraction. Fig. 5
shows the XRD patterns of the samples. It can be
clearly observed that the alloy phases clearly show
very weak peaks associated with the very minority
Al-Fe and Al;CuyFe phases; these phases are proba-
bly also present in samples A0, A21 and A42 but in
even lower proportions, which makes their peaks
barely perceptible. This is related to the higher
percentage of Iron. While the rest of the elements
(including Si) are assimilated in the Aluminum (Al)
matrix; the values of the crystalline parameter a of
this solution are slightly larger since only Si,
among the elements present, has a larger atomic
volume than Aluminum and the proportions of the
other elements are practically unchanged.

Table 3. FWHM widths of the different peaks of the trea-
ted Aluminum B206

Samples A0 A21 A42
FWHM(111) 0.2711 0.1434 0.4123
FWHM(200) 0.281 0.1764 0.469

We also calculated the FWHM widths of the dif-
ferent peaks at the midpoint of the Al that reflect
the residual stresses. The results are presented in
Table 3.

The FWHM widths mesearement reported in
Table 3 demonstrate that the width of the peaks is
more reduced in this order 21 days, raw and then
at 42 days for the 2 types of samples. For the same
class of sample A we can deduce that the stresses
are more reduced in the samples at 21 days, consid-
ering that the contributions of the device and the
sizes of crystallites are invariable since the record-
ing was made by the same device and the samples
underwent aging only at room temperature.

Vickers microhardness measurement. The
microhardness of samples after heat treatment are
determined and the same is compared with the val-
ues found from the two phases (Fig. 6). It can be
seen that or the samples of the alloy family A, the
black grains represented by the black phase are
harder than the white grains represented by the
white phase. In contrast, the dark phases of the
samples A0 and A42 shows a higher microhard-
nesses than the samples having undergone an ag-
ing of 21 days A21 whereas the same observation is
noticed for the white phases. This is probably due
to the segregation of elements that can contribute
to the hardening or softening of the material.

It is believed that the hardening mechanisms in
crystalline materials are varied and therefore re-
sult from a decrease in the mobility of dislocations.
In fact, the hardening a metal makes it potentially
more fragile. It is then a question of finding a com-
promise between a greater resistance and an abil-
ity to deform. One of the causes of hardening can
be attributed to interactions between dislocations.
Indeed, when the deformation starts, the numer-
ous dislocations created will interact to form an en-
tanglement. The dislocations eventually become
immobilized and the movement of new dislocations
is considerably slowed down as they pass through
this “forest” of immobile dislocations [23 - 26].
Heat treatments consist of maintaining at a high
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enough temperature to dissolve the excess
intermetallic phases and to level the concentra-
tions in the solid solution [27 — 29]. As it was veri-
fied by L. Kiarodova et al., R. Carvalho et al. [30],
the quenching conditions do not have, within the
current limits, a great influence on the structure
and properties of aluminous alloys.

CONCLUSIONS

The present work focuses on an experimental
study on on the microstructure of B206 Al-Cu al-
loys which present problems such as: hot cracking
and degradation of mechanical properties. In this
attempt, the study focuses mainly on the origin of
these problems caused by impurities such as Iron
etc. The effect of the addition of the Iron and Sili-
con elements and the influence of the Iron/Silicon
ratio on the microstructural behavior of the Al-Cu
B206 casting alloy in the cast state and natural ag-
ing were invistigated. The main results obtained
showed that:

the microstructures of the samples have two
phases (white phase and black phase). They also re-
vealed the appearance of black precipitates in the
form of lamellae on the grain boundaries of all the
samples;

results highlighted, that for the sample A0 ob-
tained in the cast state, the grain boundaries are
wide and coarse for the sample A0Q, but with the ag-
ing time of 21 days for the same sample, the bound-
aries start to become finer and narrower;

the X-ray diffraction analysis showed the pres-
ence of low intensity peaks associated with the par-
asitic phases AlFe and Al,CuyFe, which are in a
very small minority on the type A samples. This is
due to the low iron content;

the FWHM results showed that the residual
stresses are lower for the samples aged at 21 days,
but even more so for the A21 sample;

the hardness tests indicated an increase in the
Vickers hardness of the samples of the A family
with natural aging.

In the light of all these results, it can be con-
cluded that natural aging at 21 days has a benefi-
cial role on the improvement of mechanical proper-
ties for alloys. The addition of iron in large propor-
tions to the raw alloy B206 has a negative effect on
the microstructure of the alloy while silicon has no
effect on the microstructure.
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