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After fabri
ating �ve metallographi
 spe
imens of the Cu0.95Al0.05 alloy from ele
trolyti
 
opper and alu-

minum, these ones were both mi
rostru
turally 
hara
terized by using a metallographi
 opti
al mi
ros
ope

at room temperature and subje
ted to me
hani
al tra
tion in order to 
hart the stress-strain 
urve. From

the 
hara
terization, it has been found out that the Cu0.95Al0.05 mi
rostru
ture is 
omposed 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.

Keywords: Copper-aluminum alloys, stress-strain 
urve, heat treatment.

Un estudio de la alea
ión Cu0.95Al0.05: 
urva esfuerzo-deforma
ión y mi
rostru
tura

A partir de 
obre y aluminio ele
trolíti
os, se fabri
aron 
in
o muestras metalográ�
as de la alea
ión

Cu0.95Al0.05; posteriormente, a temperatura ambiente, éstas muestras se 
ara
terizaron mi
roestru
tural-

mente via el uso de un mi
ros
opio ópti
o metalográ�
o. Asimismo, estas muestras fueron sometidas a

ensayos de tra

ión me
áni
a para obtener datos a
er
a de la respe
tiva 
urva tensión-deforma
ión. Como


onse
uen
ia de la 
ara
teriza
ión, se en
ontró que la mi
roestru
tura Cu0.95Al0.05 está 
ompuesta de una

sola fase; también, de las pruebas de tra

ión, se ha obtenido su punto de ruptura, 249.361 MPa. Los

resultados obtenidos fueron expli
ados en el mar
o de la teoría de metales y alea
iones metáli
as.

Palabras 
laves: alea
iones 
obre-aluminio, 
urva tensión-deforma
ión, tratamiento térmi
o.

1. Introdu
tion

Alloys of the 
opper-aluminum system have di�erent


rystal stru
tures and, therefore, various physi
al proper-

ties after a heat treatment. Currently, these properties are

exploited in various appli
ations of s
ien
e, engineering

and te
hnology. The 
opper-aluminum alloy is also refe-

rred to as binary aluminum bronze; when small amounts of

manganese or ni
kel are added to this system, it is 
alled

(multi-
omponent) aluminum bronze. These bronzes have

a strong resistan
e to 
orrosion, high strength and good

wear resistan
e. What explains their use in the manufa
tu-

re of 
oins, load-bearing masonry �xings, bearing bushes,

marine hardware, et
. [1℄. Besides, it must be stressed that

a 
opper-aluminum alloy is di�erent from an aluminum-


opper alloy, in whi
h 
opper is the alloying element.

Although the 
opper-aluminum alloy has been intensi-

vely investigated sin
e about the 1920s, there are not-

so-an
ient works looking for a greater pre
ision of the

parameter values for this alloy [2℄. Spe
i�
ally, they are

the works of Ponweiser et al. (2011) and Murray (1985),

who experimentally re
onstru
ted the phase diagram of

the 
opper-aluminum alloy [3℄, [4℄. Also, it must be 
ited

the work of Miranda et al. (2016), whi
h, however, is a

more spe
i�
 resear
h about a 
opper-based alloy having

a very low aluminum 
ontent (Cu0.975Al0.025) [5℄.

Motivated by both the works already mentioned and

s
ant information for Cu0.95Al0.05, we 
arried out several

tensile tests to study its stress-strain 
urve as well as used

opti
al mi
ros
opy to observe its mi
rostru
ture.

Furthermore, we want to point out that works 
on-


erning the Cu0.95Al0.05 alloy are missing in the available

literature.

2. Theoreti
al framework

2.1. Properties of 
opper and aluminum

Some important 
hara
teristi
s of 
opper are as fo-

llows: fa
e-
entered 
ubi
 (FCC) 
rystal stru
ture, latti
e
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parameter 0.3615 nm, atomi
 radius 0.128 nm, 
ubi
 
lose

pa
king fa
tor 0.74 as well as density 8.93g/cm3
; melting

temperature 1083°C and boiling temperature 2360°C [6℄,

[7℄, [8℄. Thus, pure 
opper is a 
orrosion resistant material,

what allows its use, for example, in the manufa
turing of

ele
tri
al 
ables, pipes and heat sinks. Besides, 
opper is

a du
tile and malleable material having diamagneti
 pro-

perties.

Con
erning aluminum, it also has an FCC 
rystal stru
-

ture with a latti
e parameter of 0.405 nm; atomi
 radius

0.143 nm, density 2.72g/cm3
and, logi
ally, its 
ubi
 
lo-

se pa
king fa
tor is 0.74, too. Besides, its boiling, melting

temperatures are 2500°C and 658°C, respe
tively [9℄, [10℄,

[11℄. Nowadays, in the entire world, pure aluminum is a

majorly used metal. This is due to its low weight, high

strength and good 
orrosion resistan
e. Likewise, it is well

known that aluminum has a good thermal and ele
tri
al


ondu
tivity.

2.2. Properties of the 
opper-aluminum alloy

The state diagram of the 
opper-aluminum alloy pre-

di
ts that, in a wide range of weight (atomi
) per
entage

of aluminum, di�erent equilibrium phases 
an be obtai-

ned [12℄; this 
an be appre
iated in the experimental

diagram obtained by Ponweiser et al. in 2011 in an open

a

ess arti
le [3℄. The reading of the aforementioned pha-

se diagram is very simple below a 
on
entration of 53%


opper; above this weight per
entage there is a series of

equilibrium phases (α2,β,γ1,γ0,ε1,ε2,ζ1,η1,ζ2,η2, θ,κ and

δ). Details of these phases 
an also be found in the same

open a

ess arti
le; however, in Fig.1, we have a phase

diagram of the aluminum-
opper alloy, whi
h shows the


orresponding phases of the Cu0.95Al0.05 alloy. This last

phase diagram was reprodu
ed in a

ordan
e with the

terms of a Creative Commons Attribution-Non
ommer
ial

Li
ense 3.0 [13℄.

Another noti
eable 
hara
teristi
, in a phase diagram

of 
opper-aluminum, is the formation of the stru
tures

eute
ti
, eute
toid and perite
ti
. The �rst stru
ture is


onstituted by two solid phases growing simultaneously

as a stru
ture inter
onne
ted by layers (lamellar stru
tu-

re) [14℄. This eute
ti
 phase o

urs at 550 K with a weight

per
entage 33% Cu. Compositions below this value are


alled hypoeute
ti
 and those above, hypereute
ti
. The

se
ond stru
ture reminds the eute
ti
 stru
ture; neverthe-

less, it o

urs when a solid phase is transformed into two

di�erent solid phases. The third stru
ture o

urs when,

upon 
ooling, a solid-and-liquid phase transforms into

another solid phase.

Furthermore, in a usual phase diagram of 
opper-

aluminum, it 
an be noti
ed that the studied alloy,

Cu0.95Al0.05, is within the range of weight per
enta-

ges from 90.6% to 100% Cu. This range shows the

presen
e of a single phase, a solid solution of alumi-

num in 
opper Cu(Al). What 
an be explained by taking

into a

ount as follows: 
opper and aluminum 
omply

with Hume-Rothery's rules to form substitutional solid

solutions. These rules indi
ate that the di�eren
e of the

atomi
 diameters must be less than 15%, that they both

have the same FCC 
rystal stru
ture, and that the dif-

feren
e in their ele
tronegativity is 0.3 (whi
h proves

to be negligible and, therefore, they 
annot form 
om-

pounds) [9℄, [10℄, [15℄.

Figure 1: A partial phase diagram of 
opper-aluminum repro-

du
ed from Zeghdane et al. (2010) and Saib (2003) [13℄. Alloy

eute
toid 
omposition is 11.8% Al. Also, it is observed tempe-

ratures and 
ompositions of the martensiti
 transformations.

3. Methodology

3.1. Preparation, 
asting and heat treatment of

the sample

Initially, ele
trolyti
 
opper and aluminum wires were

pur
hased separately. Then, in the Laboratory of Crystals

and Metal Alloys of the National University of San Mar
os,

by using a 
ru
ible and a �amethrower, the wires were 
ast

taking into a

ount the 
orresponding weight per
entage.

Afterwards, yet in a liquid state, the alloy was poured into

a mold. Subsequently, the already solid sample was allo-

wed to 
ool to room temperature. Next, the spe
imens for

the 
orresponding tensile tests were then fabri
ated.

Also, in order to remove internal tensions a

umulate

during the lamination, annealing was 
arried out. Namely,

the �ve metallographi
 spe
imens were exposed at 350 °C

for 5 hours inside a furna
e; afterwards, these spe
imens

were allowed to 
ool down in the same furna
e.

3.2. Deburring, polishing and et
hing

In the deburring pro
ess, burrs were removed by mani-

pulating a deburring ma
hine and three types of abrasive

paper (600, 800 and 1000) [16℄. In this pro
ess, the use of

water was important to 
lean the burrs taken out by the

aforementioned ma
hine.

For polishing, it was used magnesium oxide (MgO)



Rev. Inv. Fis. 20, 172002102 (2017) 7

dissolved in distilled water; this solution was soaked in

the polishing 
loth. Simultaneously, water jets were pou-

red into the spe
imen. Afterwards, as a 
onsequen
e, a

mirror-like spe
imen surfa
e was obtained.

The 
hemi
al atta
k was performed before observing

the stru
ture of the alloy in the opti
al metallographi
 mi-


ros
ope [17℄. To 
arry out the 
hemi
al atta
k, it was

used a reagent with the following 
omposition: 4 ml of

ferri
 
hloride (FeCl3), 2 ml of hydro
hlori
 a
id (aqueous

solution of hydrogen 
hloride, HCl), 1 ml of a
eti
 a
id

(CH3COOH) and 5 drops of liquid bromine (Br2).

3.3. Mi
ros
opi
 Analysis

An opti
al metallographi
 mi
ros
ope was used to 
ha-

ra
terize the mi
rostru
tures present in the samples; spe
i-

�
ally, the 1060/62 Euromex mi
ros
ope was manipulated

at magni�
ations 100X and 400X, respe
tively. In general,

a mi
ros
opi
 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 mi
rop-

hotographs, the 
hemi
al atta
k with the aforementioned

reagent revealed only one type of mi
rostru
ture.

4. Dis
ussion and results

On the one hand, in �gure 2, for the Cu0.95Al0.05 alloy,

the stress-strain 
urve was 
harted. Inside the graphi
,

the following parameters are noti
ed: elasti
 limit (σE =

69.267 MPa at ε = 0.54%), yield stress (σY = 71.997
MPa at ε = 0.57%) and rupture point (σR = 249.361
MPa at ε = 14.76%); indeed, these three parameters are

values of spe
i�
 stresses [18℄, [19℄. The �rst one is the

maximum stress that 
an be applied to the spe
imen be-

fore the Hooke's law and its asso
iated Young's modulus

are not valid any more. The se
ond one is the stress ap-

plied to the spe
imen before it yielded and, 
onsequently,

an irreversible deformation o

urred to it. The third one

is the stress in whi
h the spe
imen was fra
tured. Like-

wise, between the yield stress and the rupture point, the

spe
imen experien
ed the phenomenon known as strain

hardening [20℄.

Likewise, in the stress-strain 
urve in Fig. 2, three re-

gions were observed. The �rst one 
omprises up to the

σE elasti
 limit; this region is explained through the me-


hanism of displa
ement of atoms from their equilibrium

positions. The se
ond region is lo
ated between the elas-

ti
 limit and the yield point; therein appear the �rst stati


dislo
ations in the 
rystal stru
ture. The third region is

the plasti
 and extends from the σY yield point to the

rupture point σR; this region is explained by me
hanisms

of movement, intera
tion, multipli
ation and blo
king of

dislo
ations. Namely, inside the 
rystal stru
ture of the

alloy, forests of dislo
ations are formed, what provokes

hardening of the alloy before the rupture. Dislo
ations are

linear defe
ts present in an a
tual 
rystal [21℄, [22℄.

It must be also pointed out that, in the literature, the

rupture point of pure 
opper is found to be, on average,

220.725 MPa [7℄. As a 
onsequen
e, for Cu0.95Al0.05, it


an be a�rmed that the alloying element (aluminum) ten-

ded to in
rease the rupture point of 
opper.

Figure 2: For Cu0.95Al0.05, stress-strain 
urve obtained by

using a tensile test ma
hine. The elasti
 limit (σE ), yield stress

(σY ) and rupture point (σR) are observed.

On the other hand, in Fig. 3, two mi
rophotographs of

the metallographi
 spe
imens are observed. Fig. 3a shows

a 100X magni�
ation and Fig. 3b, a 400X magni�
a-

tion. This last resolution is the most important, be
ause

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 o

urs as a result of

the pitting 
orrosion of the sample, whi
h is due to the


hemi
al atta
k. Also, it is noti
ed that the single phase

is uniformly distributed. This uniformity is in a

ordan
e

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 
opper.

Figure 3: Cu0.95Al0.05 mi
rophotographs obtained through an

opti
al metallographi
 mi
ros
ope. The upper and lower panels

show a magni�
ation of 100X and 400X, respe
tively..
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5. Con
lusions

On the one hand, by using opti
al metallographi
 mi-


ros
opy, it has been found that, mi
rostru
turally, the

investigated alloy has a phase distribution formed by a

substitutional solid solution. These phases are uniformly

distributed throughout the Cu0.95Al0.05 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, whi
h is greater than that of pure 
opper,

220.725 MPa.
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