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The effect of adding Copper on the structural and
Creep Characteristics of Zn-0.5wt.%Al alloy

M. S. Sakr, M. M. Mostafa, H. S. Mohamed and N. M. Mahmoud

Abstract— The creep tests for the Zn — 0.5wt. % Al and Zn — 0.5wt. %Al — 0.3wt. % Cu alloys were carried out at different applied stresses rang-
ing from 15.6 MPa to 23.4 MPa and temperatures ranging from 433K to 553K. The values of the transient creep parameters 8 and n and the steady state
creep parameters m and €, exhibited two peak values at 473K and 523K for the two test alloys. The activation energies of the steady state creep were
found to be 43.7 KJ/mole, 90.6 KJ/mole, 94.9 KJ/mole for the first alloy, and , 39.3KJ/mole, 52.8 KJ/mole, 71.2 KJ/mole for the second alloy in the low,
intermediate and high temperature regions respectively. The microstructures of the two alloys have been investigated using the X-ray diffraction analysis

(XRD) and the optical microscope.

Index Terms — Zn-rich-Al alloys, Creep test, XRD, Optical microscope, Phase transformation, Activation energies.

1 INTRODUCTION

In recent years Zn-rich-Al alloys with the addition of iron or
copper used in a wide range for engineering. The addition of

alloying elements reinforce, the corrosion resistance, elastic
modulus, and yield strength under different stresses and tem-
peratures without having a major prejudicial effect on super-
plastic behavior [1]. Zn-Al alloys are widely used as bearing
materials unguarded at high loadings that operate in mining;
milling machines, rope hoisting units and used also in automo-
tive application [2, 3].

The copper addition to Zn-Al alloy could improve the
mechanical properties, melting range, microstructure and
spread ability [4-6].

Y. H. Zhu [7] studied the microstructural changes and
phase transformation of Zn-Al alloy with Cu additives, which
explained by the Gibbs free energy. Zn-Al-Cu alloy was also
tested by R. Michalik et al. [8] showed a major effect of aging on
the structure, hardness and wear resistance. Zn-Al-Cu alloys
characterized with improving the strength and increase hard-
ness because of precipitation of Cu and Al in Zn [9].

A little attention information available on the effect of
phase transformation on the variation of the microstructure and
the creep characteristics.

The present work aims studying the influence of copper
additive on the properties of microstructure and creep charac
teristics of Zn — 0.5wt. % Al during phase transformation.

2 EXPERIMENTAL PROCEDURE
Zn — 0.5wt. % Al and Zn — 0.5wt. % Al — 0.3wt. % Cu al-
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loys were prepared by Zn,Al, and Cu with purity 99.9% by a

melting method under vacuum in a high purity graphite cruci-
ble.

The ingots were cast and cold drawn to 0.8 mm in diam-
eter wire for creep measurements and 0.3 mm thickness sheets
for microstructure examination. The wires and sheet were ho-
mogenized at 573K for 24h and cools slowly till room temper-
ature within a cooling rate of 11 x 1073 KS~*. This heat treat-
ment allowed the three phases to exist [10]. The chemical com-
position for the tested alloys was verified by analyzing the en-
ergy dispersed X-ray analysis.

Creep measurements for test samples have been investi-
gated by using a conventional testing machine mentioned else-
where [11] through a strain resolution equal to 10~° and con-
stant stresses ranging from 15.6MPa to 23.4MPa in the temper-
ature range from 433K to 553K in steps of 10K.

The treated sheet specimen was etched using the solu-
tion of 90ml alcohol and 10ml nitric acid. The microstructure
examination was carried out using Nikon optical microscope,
Philips X-ray diffractometer (PW3710) through copper K, ra-
diation of wavelength 1.544° and nickel filter.

3 EXPERIMENTAL RESULTS AND DISCUSSION

Isothermal creep curves of (a)Zn — 0.5wt.% Al and
(b) Zn — 0.5wt. % Al — 0.3wt. % Cu alloys studied using various
applied stresses ranging from 15.6MPa till 23.4MPa within var-
ious working temperatures ranging from 433K till 553K in
steps of 10K ( Fig.1a, b).

The temperature series for the creep curves is irregular
at a temperature range from 463K to 493K and from 513k to
533K for the two alloys.

4 THE TRANSIENT CREEP

This type of creep could be presented by the equation [12].
€ = Pt" €Y)
where: f and n are the transient creep parameters and t is the
creep time in seconds.

IJSER © 2020

http://www.ijser.org


http://www.ijser.org/
mailto:nohamohamed7@edu.asu.edu.eg
mailto:mhussien47@hotmail.com
mailto:drhanansayed84@gmail.com

International Journal of Scientific & Engineering Research Volume 11, Issue 7, July-2020 671

ISSN 2229-5518

The parameter f§ could be calculated from:
Inf = Int,Ine, —Int;Ine,, /Int, —Int, 2)
The parameter f was found to depend on the strain rate of the
steady state creep (€.) through the relation:
B = Bo(ése)” 3)
where f, and y are constants depending on the experi-
mental conditions.

The relationship between Ine, and In t is shown in
(Fig.2a,b). Abnormal creep was observed at 473K and 523K
for both test alloys. Using the relation (2) the transient creep pa-
rameter § was calculated while the parameter n was calculated
from the slopes of these lines. (Fig. 3) clarifies the temperature
dependence of § and n for the test alloys. The parameters § and
n exhibited peak values at 473K and 523K for both test alloys.

A marked dependence about the transient creep param-
eter 8 on steady state strain rate (€ ) verifying the relation(3),
(see Fig.4).

The activation energy for the transient creep of the two
alloys were calculated within the slopes of the straight lines re-
lated to inf and (1000/T)( Fig.5). The present results gave ac-
tivation energies of 25.8, 27.6 and 35.5K]/mole for the first alloy
and 17.5,22.5 and 23.7K]J/mole for the second alloy at the low,
intermediate and high-temperature deformation regions, re-
spectively. These values refer to the dislocation mechanism in
the low and intermediate deformation regions and to viscous
glide in the high temperature deformation region [13].

5 THE STEADY STATE CREEP

The steady state creep was commonly considered as due
to some sort of balance between strain hardening and recovery.
The applied stress for creep deformation is marked by depend-
ing on the strain rate according to the relation [14]:

o=k (€)™ S
where o is the applied stress and (€é;,) is the steady state
creep rate and k is constant for the given testing conditions.

At the low temperature region, it was found that the pa-
rameters &g and m for both test alloys have been increased
with increasing the deformation temperture
(see Fig.6a,b and Fig. 7a, b). These observations might be due
to the coarsening of the a-phase and B-phase. These processes
comprise dissolution at some places and precipitations at
other ones. These processes enhance the recovery processes
and increase the density of mobile dislocations.

Meanwhile, these parameters &5 and m have increased
also with temperature in the intermediate deformation temper-
ature. This observation could be because of the dissolution of a-
phase in B-phase which completed at 523K [15].

Besides, the parameters €5 and m for both alloys have
been increased again with temperature in the high temperature
deformation regions. These observations might be because of
completing the dissolution of a-phase in B-phase and homoge-
nization.

The activation energies of the steady state creep for both
alloys found to be

zinc in the high temperature deformation regions [15].

6 THE ROLE OF Cu ADDITION TO THE Zn —
0.5wt. % Al — 0. 3wt. % Cu ALLOY ON THE CREEP
CHARACTERISTICS

In the liquid state the three elements of the alloy Zn—
0.5wt. % Al — 0.3wt. % Cu are completely mutually soluble. On
cooling n-phase (Zn-rich phase of hcp structure with substitu-
tional copper atoms) precipitates first at 696K [16]. The n-phase
would be surround by the molten -phase (Zn-rich phase of hcp
structure with substitutional Al atoms).The complete solidifica-
tion of the B-phase would occur at419°c [17]. By further cooling
some Al- atoms would be precipitated from the -phase at
523K [17], to make the B-phase goes to the actual proportion
percentage at this temperature.Therefore, the n- phase would
be uniformly distributed among the other solid phases. This be-
havior has increased the interfaces boundaries between the dif-
ferent phases. This behavior enhanced the migration of the
point defects in the matrix to these natural sinks. Therefore, the
n-phase particles have an important effect for grain refining.
These explain the reasons of the higher values of the creep pa-
rameter 3, n, & and m of the ternary alloy in comparison with
those of the binary alloy.

7 THE MICROSTRUCTURE ANALYSIS

The specimens were heated at 503k for 2h and then cooled until
room temperature at cooling rate about ( 11 x 1073 KS™?) to re-
move the lattice defects which produced during the drowning
process. The optical micrographs of both alloys are shown in
(Fig. 9).
Fig. (10) shows the X-ray diffraction patterns where the phases
of the binary are shown as follows:
a (111), B (101), B (102), B (103), B (110)
Al (111), Zn (101), Zn (102), Zn (103), Zn (110).
And the phases of ternary are shown as follows:
A (111), B (101),7 (200), B (102), B (103), B (110)
Al (111),Zn (101), Cu (200),Zn (102),Zn (103),Zn (110).
The crystallite size 1, calculated from Scherrer’s formula:
D =0.942A/ncosH 5)

where A is the X-ray wavelength, 6 is the Bragg’s angle and 7
is the full-width at half maximum of the Bragg peak. The Lattice
strain (€) is calculated by the relation of mncos® /A versus
sin 6 /A plot using the relation [18]:

ncos8/A = 1/D + 2esin6/A (6)
The dislocation density dis given by:
§= 1/D? 7

The temperature dependence of the parameterse, 1 and & are
shown in (Fig. 11).

The values of the parameters € and 6 of the ternary alloy are
less than those of the binary alloy.

Thus, this observation illustrates that the addition of copper to
the third alloy has an important effect grain refining.

Therefore, the microstructure investigations confirm the

43.7,90.5 and 94 KJmole for the first alloy and 39,52.8 and 71.2K]/ above-mentioned mechanisms.

mole for the second alloy (Fig. 8). These values show the dislo-
cation mechanism and grain boundary sliding at low and inter-
mediate temperature deformation regions and self- diffusion of
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8 CONCLUSIONS

1- The creep parameters 8, n of the transient creep and
m and €, of the steady state creep have exhibited
peak values at 473K and 523K.

The creep parameters of the Zn — 0.5wt. %Al —

0.3wt. %Cu were found to be higher than those of the
Zn — 0.5wt. %Al alloy.

The activation energies of the steady state creep were
found to be (43.7 KJ/mole, 90.6 K]/mole, 94.9
KJ/mole),and (39.3K]/mole, 52.8 KJ/mole and 71.2

KJ/mole) in the low, intermediate and high tempera-

2-

ture regions for the two alloys, respectively. These
values suggest grain boundary sliding or migration
mechanism and volume diffusion mechanism of Zn,
respectively.

The X-ray diffraction studies have been carried out.
The values for the internal strain, the dislocation den-
sity o and the crystallite size D of the two alloys were
calculated.

The values of € and § for the ternary alloy were found
to be lower than those of the binary alloy. On the
other hand, the values of the crystallite size 1 for the
ternary alloy were found to be higher than those of
the binary alloy.

Therefore, the addition of Cu to Zn — 0.5wt. %Al —
0.3wt. %Cu has an important effect of grain refining
process.
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FIGURE CAPTIONS

Fig. (1) Creep curves at an applied stress 15.6MPa and different
working temperatures for (a)Zn — 0.5wt.%Al and (b)Zn —
0.5wt. %AL — 0.3wt. %Cu,where:

(1)433,(2)443,(3)453k, (4)463, (5)483k, (6)473Kk, (7)493k,
(8)503k, (9)513k, (10)533k, (11)523k, (12)543k, (13)553k.

Fig. (2) The Relation between In €, and In t for (a) Zn — 0.5wt. %Al
and (b)Zn — 0.5wt. %Al — 0.3wt. %Cu alloys at different working
temperatures and different stresses.

Fig. (3) The temperature dependence of the Creep parameters 3 and
n on the working temperature at different applied stresses for (a) Zn —
0.5wt. %Al and (b)Zn — 0.5wt. %Al — 0.3wt. %Cu alloys.

Fig. (4) The linear relation between In 3 and In €, at different applied
stresses in the three temperature deformation region for: (a)Zn —
0.5wt. %Al and (b)Zn — 0.5wt. %Al — 0.3wt. %Cu alloys.

Fig. (5) The relation between In 8 and 1000/T at different stresses
for: (a)Zn — 0.5wt. %Al and (b)Zn — 0.5wt%Al — 0.3wt. %Cu al-
loys.

Fig. (6) The relation between In ¢ and In éat different working tem-
peratures for (a)Zn — 0.5wt. %Al and (b) Zn — 0.5wt. %Al —
0.3wt. %Cu alloys.

Fig. (7) The temperature dependence of the parameters ég.and m for:
(a)Zn — 0.5wt. %Al and (b)Zn — 0.5wt. %Al — 0.3wt%Cu alloys.
Fig.(8) The relation between Inégand 1000/T for: (a)Zn —
0.5wt. %Al and (b)Zn — 0.5wt. %Al — 0.3wt. %Cu alloys.

Fig. (9)(a) and (b) shows the optical microscope for the binary and
ternary alloys respectively.

Fig. (10.1, 2) Shows the XRD results for the binary and ternary al-
loys respectively.

Fig.(11) Shows the temperature dependence of the parameters
€, D, 6 for both alloys where: (A), (B) represents binary and ternary al-
loys respectively.
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Fig. 1. Creep curves at an applied stress 15.6MPa and different working temperatures for (a)Zn — 0.5wt. %Al and (b)Zn —
0.5wt. %AL — 0.3wt. %Cu, where: (1)433, (2)443, (3)453k, (4)463, (5)483k, (6)473k, (7)493k, (8)503k, (9)513k,
(10)533k, (11)523k, (12)543k, (13)553k.
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Fig. 2. The Relation between In €, and In t for (a) Zn — 0.5wt. %Al and (b) Zn — 0.5wt. %Al — 0.3wt. %Cu alloy at different working
temperatures and different stresses.
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Fig. 9. (a) and (b) shows the optical microscope for the binary and ternary alloys respectively.
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Fig. 10. (1, 2) shows the XRD results for the binary and ternary alloys respectively.
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Fig. 11. shows the temperature dependence of the parameters ¢, D, § for both alloys where: (A4), (B) represents binary and ternary
alloys respectively.
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