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A study of the Cugg5Aly 05 alloy: stress-strain curve and microstructure
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After fabricating five metallographic specimens of the Cug.g95Alo.05 alloy from electrolytic copper and alu-
minum, these ones were both microstructurally characterized by using a metallographic optical microscope
at room temperature and subjected to mechanical traction in order to chart the stress-strain curve. From
the characterization, it has been found out that the Cug.95Alg.05 microstructure is composed of a single
phase, and from the tensile tests, it has been obtained its rupture point, 249.361 MPa. The obtained results
were explained in the framework of the theory of metals and metal alloys.
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Un estudio de la aleacion Cug g5Alg g5: curva esfuerzo-deformacién y microstructura

A partir de cobre y aluminio electroliticos, se fabricaron cinco muestras metalograficas de la aleacion
Cuo.95Alo.05; posteriormente, a temperatura ambiente, éstas muestras se caracterizaron microestructural-
mente via el uso de un microscopio 6ptico metalografico. Asimismo, estas muestras fueron sometidas a
ensayos de traccion mecanica para obtener datos acerca de la respectiva curva tensién-deformacion. Como
consecuencia de la caracterizacién, se encontré que la microestructura Cug.g95Alg.05 estd compuesta de una
sola fase; también, de las pruebas de traccion, se ha obtenido su punto de ruptura, 249.361 MPa. Los

resultados obtenidos fueron explicados en el marco de la teoria de metales y aleaciones metélicas.
Palabras claves: aleaciones cobre-aluminio, curva tensién-deformacion, tratamiento térmico.

1. Introduction

Alloys of the copper-aluminum system have different
crystal structures and, therefore, various physical proper-
ties after a heat treatment. Currently, these properties are
exploited in various applications of science, engineering
and technology. The copper-aluminum alloy is also refe-
rred to as binary aluminum bronze; when small amounts of
manganese or nickel are added to this system, it is called
(multi-component) aluminum bronze. These bronzes have
a strong resistance to corrosion, high strength and good
wear resistance. What explains their use in the manufactu-
re of coins, load-bearing masonry fixings, bearing bushes,
marine hardware, etc. [I]. Besides, it must be stressed that
a copper-aluminum alloy is different from an aluminum-
copper alloy, in which copper is the alloying element.

Although the copper-aluminum alloy has been intensi-
vely investigated since about the 1920s, there are not-
so-ancient works looking for a greater precision of the
parameter values for this alloy [2]. Specifically, they are
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the works of Ponweiser et al. (2011) and Murray (1985),
who experimentally reconstructed the phase diagram of
the copper-aluminum alloy [3], [4]. Also, it must be cited
the work of Miranda et al. (2016), which, however, is a
more specific research about a copper-based alloy having
a very low aluminum content (Cuo.o75Alo.025) [5]-

Motivated by both the works already mentioned and
scant information for Cug.95Alo.05, we carried out several
tensile tests to study its stress-strain curve as well as used
optical microscopy to observe its microstructure.

Furthermore, we want to point out that works con-
cerning the Cug.95Alo.05 alloy are missing in the available
literature.

2. Theoretical framework

2.1. Properties of copper and aluminum

Some important characteristics of copper are as fo-
llows: face-centered cubic (FCC) crystal structure, lattice



parameter 0.3615 nm, atomic radius 0.128 nm, cubic close
packing factor 0.74 as well as density 8.93g/cm?; melting
temperature 1083°C and boiling temperature 2360°C [6],
[7]. [8]- Thus, pure copper is a corrosion resistant material,
what allows its use, for example, in the manufacturing of
electrical cables, pipes and heat sinks. Besides, copper is
a ductile and malleable material having diamagnetic pro-
perties.

Concerning aluminum, it also has an FCC crystal struc-
ture with a lattice parameter of 0.405 nm; atomic radius
0.143 nm, density 2.72g/cm? and, logically, its cubic clo-
se packing factor is 0.74, too. Besides, its boiling, melting
temperatures are 2500°C and 658°C, respectively [9], [10],
[II]. Nowadays, in the entire world, pure aluminum is a
majorly used metal. This is due to its low weight, high
strength and good corrosion resistance. Likewise, it is well
known that aluminum has a good thermal and electrical
conductivity.

2.2. Properties of the copper-aluminum alloy

The state diagram of the copper-aluminum alloy pre-
dicts that, in a wide range of weight (atomic) percentage
of aluminum, different equilibrium phases can be obtai-
ned [I2]; this can be appreciated in the experimental
diagram obtained by Ponweiser et al. in 2011 in an open
access article [3]. The reading of the aforementioned pha-
se diagram is very simple below a concentration of 53 %
copper; above this weight percentage there is a series of
equilibrium phases (a2,8,71,70,61,€2,(1,m1,82,m2, 0,5 and
0). Details of these phases can also be found in the same
open access article; however, in Fig.1, we have a phase
diagram of the aluminum-copper alloy, which shows the
corresponding phases of the Cug.95Alo.05 alloy. This last
phase diagram was reproduced in accordance with the
terms of a Creative Commons Attribution-Noncommercial
License 3.0 [13].

Another noticeable characteristic, in a phase diagram
of copper-aluminum, is the formation of the structures
eutectic, eutectoid and peritectic. The first structure is
constituted by two solid phases growing simultaneously
as a structure interconnected by layers (lamellar structu-
re) [14]. This eutectic phase occurs at 550 K with a weight
percentage 33 % Cu. Compositions below this value are
called hypoeutectic and those above, hypereutectic. The
second structure reminds the eutectic structure; neverthe-
less, it occurs when a solid phase is transformed into two
different solid phases. The third structure occurs when,
upon cooling, a solid-and-liquid phase transforms into
another solid phase.

Furthermore, in a usual phase diagram of copper-
aluminum, it can be noticed that the studied alloy,
Cuo.95Alp.05, is within the range of weight percenta-
ges from 90.6% to 100% Cu. This range shows the
presence of a single phase, a solid solution of alumi-
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num in copper Cu(Al). What can be explained by taking
into account as follows: copper and aluminum comply
with Hume-Rothery's rules to form substitutional solid
solutions. These rules indicate that the difference of the
atomic diameters must be less than 15 %, that they both
have the same FCC crystal structure, and that the dif-
ference in their electronegativity is 0.3 (which proves
to be negligible and, therefore, they cannot form com-
pounds) [9], [10], [15].
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Figure 1: A partial phase diagram of copper-aluminum repro-
duced from Zeghdane et al. (2010) and Saib (2003) [13]. Alloy
eutectoid composition is 11.8 % Al. Also, it is observed tempe-
ratures and compositions of the martensitic transformations.

3. Methodology

3.1. Preparation, casting and heat treatment of
the sample

Initially, electrolytic copper and aluminum wires were
purchased separately. Then, in the Laboratory of Crystals
and Metal Alloys of the National University of San Marcos,
by using a crucible and a flamethrower, the wires were cast
taking into account the corresponding weight percentage.
Afterwards, yet in a liquid state, the alloy was poured into
a mold. Subsequently, the already solid sample was allo-
wed to cool to room temperature. Next, the specimens for
the corresponding tensile tests were then fabricated.

Also, in order to remove internal tensions accumulate
during the lamination, annealing was carried out. Namely,
the five metallographic specimens were exposed at 350 °C
for 5 hours inside a furnace; afterwards, these specimens
were allowed to cool down in the same furnace.

3.2. Deburring, polishing and etching

In the deburring process, burrs were removed by mani-
pulating a deburring machine and three types of abrasive
paper (600, 800 and 1000) [I6]. In this process, the use of
water was important to clean the burrs taken out by the
aforementioned machine.

For polishing, it was used magnesium oxide (MgO)
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dissolved in distilled water; this solution was soaked in
the polishing cloth. Simultaneously, water jets were pou-
red into the specimen. Afterwards, as a consequence, a
mirror-like specimen surface was obtained.

The chemical attack was performed before observing
the structure of the alloy in the optical metallographic mi-
croscope [17]. To carry out the chemical attack, it was
used a reagent with the following composition: 4 ml of
ferric chloride (FeCls), 2 ml of hydrochloric acid (aqueous
solution of hydrogen chloride, HCI), 1 ml of acetic acid
(CH3COOH) and 5 drops of liquid bromine (Brz).

3.3. Microscopic Analysis

An optical metallographic microscope was used to cha-
racterize the microstructures present in the samples; speci-
fically, the 1060/62 Euromex microscope was manipulated
at magnifications 100X and 400X, respectively. In general,
a microscopic analysis allows determining, for example,
the arrangement of the phases as well as grain size and
shape after some types of treatments [16]. In the microp-
hotographs, the chemical attack with the aforementioned
reagent revealed only one type of microstructure.

4. Discussion and results

On the one hand, in figure 2, for the Cuo.95Alg.05 alloy,
the stress-strain curve was charted. Inside the graphic,
the following parameters are noticed: elastic limit (ocg =
69.267 MPa at ¢ = 0.54%), yield stress (oy = 71.997
MPa at ¢ = 0.57 %) and rupture point (cr = 249.361
MPa at € = 14.76 %); indeed, these three parameters are
values of specific stresses [18], [19]. The first one is the
maximum stress that can be applied to the specimen be-
fore the Hooke's law and its associated Young's modulus
are not valid any more. The second one is the stress ap-
plied to the specimen before it yielded and, consequently,
an irreversible deformation occurred to it. The third one
is the stress in which the specimen was fractured. Like-
wise, between the yield stress and the rupture point, the
specimen experienced the phenomenon known as strain
hardening [20].

Likewise, in the stress-strain curve in Fig. 2, three re-
gions were observed. The first one comprises up to the
og elastic limit; this region is explained through the me-
chanism of displacement of atoms from their equilibrium
positions. The second region is located between the elas-
tic limit and the yield point; therein appear the first static
dislocations in the crystal structure. The third region is
the plastic and extends from the oy yield point to the
rupture point or; this region is explained by mechanisms
of movement, interaction, multiplication and blocking of
dislocations. Namely, inside the crystal structure of the
alloy, forests of dislocations are formed, what provokes
hardening of the alloy before the rupture. Dislocations are

linear defects present in an actual crystal [21], [22].

It must be also pointed out that, in the literature, the
rupture point of pure copper is found to be, on average,
220.725 MPa [7]. As a consequence, for Cug.o5Alg.05, it
can be affirmed that the alloying element (aluminum) ten-
ded to increase the rupture point of copper.
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Figure 2: For Cug.g5Alp.05, stress-strain curve obtained by
using a tensile test machine. The elastic limit (cg), yield stress
(oy ) and rupture point (og) are observed.

On the other hand, in Fig. 3, two microphotographs of
the metallographic specimens are observed. Fig. 3a shows
a 100X magnification and Fig. 3b, a 400X magnifica-
tion. This last resolution is the most important, because
the light areas allow us to see the formation of a single
phase (substitutional solid solution). Likewise, the dark
areas represent the high relief that occurs as a result of
the pitting corrosion of the sample, which is due to the
chemical attack. Also, it is noticed that the single phase
is uniformly distributed. This uniformity is in accordance
with what is observed in a usual Cu-Al phase diagram.
In other words, there is uniformity as it is a single solid
solution of aluminum in copper.

(b) )

Figure 3: Cug.95Alg.05 microphotographs obtained through an
optical metallographic microscope. The upper and lower panels
show a magnification of 100X and 400X, respectively..



5. Conclusions

On the one hand, by using optical metallographic mi-
croscopy, it has been found that, microstructurally, the
investigated alloy has a phase distribution formed by a
substitutional solid solution. These phases are uniformly
distributed throughout the Cug.95Alg.05 sample.

On the other hand, by tensile test experiments, it has
been obtained the value of the rupture point of the alloy,
249.361 MPa, which is greater than that of pure copper,
220.725 MPa.
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