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Decomposition process in a Zn-22wt.%Al-2wt.%Cu alloy
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Abstract

The decomposition process in a Zn-22wt.%Al-2wt.%Cu alloy was investigated during aging at 373, 423 and 473 K, using XRD,
SEM and TEM techniques. The results of X-ray diffraction of aged samples showed that two kinds of phase transformation
occurred. One was the decomposition of metastable hFC phase, as revealed by progressive shifting of the (0002) X-ray diffraction
peak. The activation energy for the thermally activated process was determined to be �71.5 kJ mol−1. The other transformation
was detected by the disappearance of the o phase diffraction peaks, accompanied by the appearance of the (110) and (11( 0) X-ray
diffraction peaks of the t and t% phases, respectively. These two events seem to be related to the four-phase reaction:
a+o�h+t%. © 1999 Published by Elsevier Science S.A. All rights reserved.
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1. Introduction

Zn-Al eutectoid alloys exhibit attractive physical and
mechanical properties with good wear resistance, mak-
ing them the choice for many end-use applications [1].
The addition of small amounts of copper increases
tensile strength, creep strength and corrosion resistance.
However, it is reported that the addition of copper
promotes the formation of intermetallic compound par-
ticles, which affect the solid state reactions and the
dimensional stability of alloy [2,3]. The addition of 2
wt.% copper to this kind of alloy causes the formation
of small volume fractions of an intermetallic compound
CuZn4, containing 16%Cu, known as o phase with an
hcp structure, and t% phase, containing 56% Cu and
13% Zn, which is stable at room temperature with a
complex ordered rhombohedral structure [4]. The t%
phase is close to Al4Cu3Zn and its structure has been
described by Murphy [4] as an assemblage of five small
CsCl-type bcc cells joined corner to corner. Previous
works [5–9] have shown that the o phase transforms to
the t% phase by the following four-phase reaction, a+
o�h+t%, after being processed by aging treatment at

temperatures lower than 523 K, tension test or mechan-
ical grinding of a Zn-22wt.%Al-2wt.%Cu alloy. All the
above results have been mainly determined using X-ray
diffraction (XRD) and scanning electron microscope
(SEM); however, it seems to be relevant to carry out a
study of the aging process in these alloys, using trans-
mission electron microscope (TEM) in order to reveal
more details of the mechanism in these phase transfor-
mations. The present paper will study the decomposi-
tion of various phases in more detail using TEM, XRD
and SEM.

2. Experimental procedure

A piece of 10×10×10 mm of Zn-22wt.%Al-
2wt.%Cu alloy was prepared and homogenized at 633
K for 7 days and then furnace cooled. Furnace-cooled
samples were aged at 373, 423 and 473 K for different
times, from 900 s to 900 ks. Aging treatments were
carried out in an oil bath with a temperature control of
93°C. The XRD analysis was performed in a Siemens
diffractometer using Cu Ka radiation. Aged samples
were prepared metallographically with 0.05 mm alumina
and subsequently observed in JEOL JSF-35F scanning
electron microscope, using backscattered electrons.
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Fig. 1. X-ray diffractograms of Zn-22wt.%Al-2wt.%Cu alloy solution treated, furnace cooled and then aged at 473 K for different times.

Fig. 2. Change in (0002) interplanar spacing of h phase with aging time at 373, 423 and 473 K.

Samples for TEM analysis of 3-mm diameter and 150-
mm thickness were cut with a diamond disk and elec-
troerosion equipment. TEM samples were prepared
using a two-jets FISHIONE electropolishing equipment
in an electrolyte of 10 vol.% phosphoric acid and 20%
glycerol in methanol at −50°C with 50 V and 60 mA.

3. Results and discussion

Fig. 1 shows the X-ray diffractograms of Zn-
22wt.%Al-2wt.%Cu alloy aged at 473 K for different
times. This figure shows that the solution treated and
furnace-cooled sample is composed of three phases,

hFC, a and o, where the hFC phase is a Zn-rich hcp
metastable phase. Two kinds of phase transformation
were observed. The first one was decomposition of the
hFC phase. This is suggested by the progressive shifting
of (0002) X-ray diffraction peak of h phase, from 2u
angles of 36.7–36.4°, with aging time. The maximum
shift of this peak was observed in samples aged for 360
ks at 473 K. In addition, the variation of (0002) plane
d-spacing of h phase with aging time is shown for three
aging temperatures in Fig. 2. It is found that this plane
d-spacing increases with aging time. That is, the (0002)
interplanar spacing of h phase approaches the spacing
value of pure zinc (0.2473 nm). This means that the
aging treatment produced a decrease of aluminum and
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Fig. 3. SEM micrographs of Zn-22wt.%Al-2wt.%Cu alloy (a) solution treated and furnace cooled and (b) then aged at 473 K for 900 ks.

copper contents in the h phase. It is also found that the
decomposition of h phase is faster for the aging treat-
ment at 473 K than that at 373 and 423 K (Fig. 2). By
analysis of these curves the fraction transformation as
function of time was obtained. An activation energy of
71.5 kJ mol−1 was determined for the thermally acti-
vated process, using the Arrhenius relationship of ln t
versus 1/T for a fraction transformation of 0.8. This
value of activation energy is similar to those reported
for the interdiffusion process in Zn-Al-Cu alloys [10].

The other phase transformation was the four-phase
reaction, a+o�h+t%, which occurred for aging times
longer than 900, 54 and 3.6 ks at 373, 423 and 473 K,
respectively. It was calculated that (110) d-spacing of
the t phase was 0.2065 nm, and (11( 0) d-spacing of the
t% phase was 0.2055 nm. The co-existence of t phase
and the t% phase was observed for the first time.

Fig. 3 shows the microstructure of Zn-22wt.%Al-
2wt.%Cu alloy obtained with backscattered electrons in
SEM. The light contrast corresponds to the h and o
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Fig. 4. Morphology of superstructure t% phase. (a) Bright field, (b) dark field using g= [001], (c) diffraction pattern, B= [011]t and B= [011( ]t’, and
(d) diffraction pattern, B= [011].

phases, while dark contrast corresponds the a phase.
The furnace-cooled alloy is shown in Fig. 3(a). It has
been reported [7] that the coarse lamellar structure in
this sample is derived from the decomposition of the a%
phase by the following cellular reaction a%�a+h+o,
and the fine lamellar structure is formed at a lower
temperature from the decomposition of the b% phase via
the following eutectoid reaction b%�a+h+o. Never-

theless, it is important to mention that the presence of
o phase is difficult to detect in both lamellar structures
due to the similar SEM light contrast of o and h
phases. The aging treatment at 473 K caused an in-
crease of the volume fraction of coarse lamellar with
aging time. This coarse lamellar seems to be formed by
a discontinuous precipitation in the h phase regions
(see arrows in Fig. 3(b)). This has also been associated.
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with the decomposition of hFC phase. Zhu et al. [6]
pointed out that the following cellular reaction, h%�
h+a+o produces the coarse lamellar structure. The t%
phase appears as gray-contrast precipitates in the o
phase regions (see *� in Fig. 3(b)), which supports the
existence of a four-phase reaction a+o�h+t%.

Fig. 4 is a TEM micrograph of a t% phase rounded
particle in the sample aged at 473 K for 900 ks. This
particle is divided into t and t% phases (zones 1 and 2,
respectively, in Fig. 4(a)). The diffraction pattern in
Fig. 4(c) shows superlattice reflection along the [111]
direction of bcc structure (zone 1). Similar results were
observed in the Zn-58wt.%Al-14wt.%Cu alloy aged at
250°C [4]. In zone 2, no superlattice reflections were
observed (Fig. 4(d)). This fact supports the XRD re-
sults concerning the presence of t and t% phases. Analy-
sis of this type of particle aged at 473 K showed that
the superstructure of t% phase of ordered tetragonal
structure (equilibrium structure at room temperature)
was not completed after 900 ks of aging, and before of
this time the predominant phase was the disordered bcc
t phase. Therefore it was reasonable to suggest that the
formation of t% phase was preceded by the formation of
the t phase.

4. Conclusions

The phase transformations that occur during the

aging process of the Zn-22 wt.%Al-2wt.%Cu alloy are,
first, the decomposition of h phase with an activation
energy for the thermally activated process of �71.5 kJ
mol−1, and then the four-phase reaction, a+o�h+t%
takes place. The formation of t% phase (superstructure)
is preceded by that of the t phase (bcc).
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