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Phase Decomposition of Cast Alloy ZnAl11Cu3

chrostructure and phase transformatlon of a cast Zn— Al—
based alloy (ZnAll1Cu3) are studied during ageing using
X-ray diffraction and back-scattered scanning electron mi-
croscopy techniques. Decomposition of a zinc-rich 1], phase
is observed to take place in the way of continuous precipita-
tion. A four-phase transformation, o + € — T’ + 1, occurs
during prolonged ageing. It is found that the phases in-
volved in the phase transformation can be distinctly identi-
fied by using different atomic contrasts in the back-scat-
tered scanning electron image of precipitates.
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1 Introduction

Zinc-based alloys have been developed as one of the tradi-
tional alloys since 1922. The most popular die cast Zn-
based alloy is the Zn-4 wt.% Al alloy. With small additions
of Mg (about 0.03 wt.%) and Cu (up to 3 wt.%), a new fa-
mily of the Zn-based alloys was developed in 1970’s [1,
2]. According to the aluminum content, those commercial
Zn—Al-based alloys are named ZA8, ZA12 and ZA27. In
the same years, another important development of the
alloys was invented in China. The chemical composition
of the Zn-Al-based alloy is Zn-11 wt.% Al-3 wt.% Cu
(ZnAl11Cu3). Compared with ZA 12, the copper content of
the alloy is higher. Because of excellent castibility and high
mechanical properties, it has been extensively applied as
bearing and bushing materials in many local foundries of
China. One of the advantages of this structural alloy are
low costs of both materials and processing, in about 50 %
cost reduction compared with bronze and some Al-based al-
loys. However, the cast ingot of the alloy is of disadvantage
in dimensional stability, such as early stage of shrinkage
and expansion during prolonged ageing. For further indus-
trial application it is important to understand the decompo-
sition of various metastable phases in the alloy ZnAl11Cu3.
Unfortunately, so far there is no publication on phase trans-
formation and microstructural change of the alloy. The pre-
sent work will study phase decomposition of this cast alloy.

2 Experimental Procedure

The test alloy was made from zinc (99.98 wt.%), aluminum
(99.99 wt.%) and copper (99.99 wt.%), and melt in an in-
duction furnace in air. The chemical composition of the al-
loy is Zn-Al11-Cu3Cu (wt.%). The melt was degassed by
a commercial degasser, and cast at about 700 °C into a pre-
heated sand mould. The as-cast ingots were then machined
into specimens of 10 mm in diameter and 8 mm in thick-
ness for the ageing process.
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A Siemens X-ray diffractometer was used to monitor the
phase transformation that occurs during ageing at 150 and
180 °C. The temperature of ageing was controlled within
+2°C respectively. The nickel-filtered Cu K, radiation
was applied to examine the specimens after various periods
of ageing with a scan speed of 1 degree per minute. The
characteristic X-ray diffraction (XRD) of the alloy was col-
lected within the diffraction angle 26 range from 35° to 47°.
Scanning electron microscopy (SEM) was employed for
identifying the phases and showing the microstructural
changes in the phase transformations examined. Back-scat-
tered electron (BSE) imaging was applied to attain atomic
contrast. The large atomic number differences between the
aluminum-rich phase and zinc- and copper-rich phases
make it possible to produce distinct images of good contrast
in the alloys studied.

3 Results and Discussion

3.1 Microstructure of As-Cast Alloy ZnAll1Cu3

According to the Zn— Al phase diagram presented by Pre-
snyakov et al. [3] a face-centered cubic (fcc) B phase solidi-
fies firstly, when the temperature of the melt of the alloy
ZnAl11Cu3 reaches the liquidus line L/B + L, as shown in
Fig. 1. The B phase dissolves up to 80 wt.% Zn. Further
cooling, the composition of the melt changes along the
liquidus line with zinc being rejected to the melt. The B
phase of richer zinc concentration subsequently solidifies
outside the first solidified § phase particles to form many
large (~30-50 um) and small (=5-10 um) primary f
phase dendrites. Two zinc-rich hexagonal close-packed
(hep) phases: € (ZnsCu) and 7, solidify finally in the inter-
dendritic regions. During solidification, the eutectic phases
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Fig. I. Phase diagram Zn-Al [3].
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also form subsequently as plates or lamellae of f§ phase in a
matrix of zinc-rich 1 and & phases, as shown in Fig. 2a. The
interlamellar spacing is about 3—5 pm. :

During cooling after solidification, these three phases,
B, M and &, become various supersaturated phases, B, 1’
and €. It was reported that the B; phase decomposed into
three phases in a cellular reaction: B, — o +n + ¢, where
the o phase is a fcc Al-rich phase [4, 5]. There are only
three phases in the as-cast alloy: supersaturated 1} , o
and g, as shown in X-ray diffractograms (Figs. 3 and 4).)
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Fig. 2. Back-scattered
SEM micrographs of
the alloy ZnAl11Cu3:
As-cast (a) and after
ageing at 150°C for
2h (b), 8h (¢), 20h
(d), 45 h (&) 72 h (with
X-ray mapping: of Zn,
Al and Cu) (f) and after
ageing at 150°C for
123h and ageing at
180°C for 6h (g). —
Dark imaged precipi-
tates of Al rich o
phase; *— gray im-
aged precipitates of
both Al and Cu rich T
phase.

No XRD of the B} phase exists. During cooling after cast-
ing, various Zn-rich n, phases form together with the
new-formed m phase derived from decomposition of the
B. phase. Accordingly, multi-overlapped (0002) diffrac-
tion peaks of the Zn-rich m| phase are observed at
20 ~36.4 and 36.6° in the as-cast alloy, as shown in
Figs. 3 and 4.

3.2 Decomposition of the B, Zn-rich 1}, and ¢ Phases

Further decomposition of the B! phase is observed in the cast
alloy during ageing. A coarse lamellar structure forms in the
outer layer of the B} phase dendrites, whilst the inner part ap-
pears as fine lamella, as shown in Fig. 2b. It is because the
outer layer contains more zinc. As reported in previous stu-
dies [6, 7], Zn atoms diffuse more rapidly than Al atoms,
which results in faster decomposition of the f] phase.

The decomposition of the Zn-rich i, phase occurs also
during ageing. As shown in the X-ray diffractograms of
the alloy aged at 180°C (Fig. 3), the multi-overlapped
(0002) diffraction peaks of the ! phase shifts to a lower
20 value (36.6°) as a single metastable 1 phase after ageing
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at 180 °C for 15 min, accordingly the d spacing decreases to
0.2453 nm. This stage of decomposition of the 1} phase is
observed in more detail in the specimen aged at 150 °C, as
shown in Fig. 4. The multi-overlapped (0002) diffraction
peaks of the 1} phase shift to 36.6° after ageing at 150 °C
for 30 min. Further ageing at both 180 and 150 °C, the de-
composition of the metastable Zn-rich 1) phase is observed.
The (0002) X-ray diffraction peak shifts gradually to lower
20 value, accordingly the d spacing of the (0002) planes in-
creases gradually to 0.2463 um after ageing at 180 °C for
42 h, and to 0.2467 nm after ageing at 150 °C for 262 h, as
indicated in Figs. 3 and 4. In most cases, the XRD angles
of the (1010) and (1011) planes of the Zn-rich 1 phase re-
main at about 39.1° and 43.3°, respectively, with d spacings
of 0.2302 and 0.2084 nm accordingly. These appear as
characteristics of the decomposition of the Zn-rich 1 phase.

The continuous precipitation is clearly seen in the BSE
image, as shown in Figs. 2b and c. Compared with the pre-
cipitates after ageing at 150°C for 2 h, the dark imaged
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Fig. 3. X-ray diffractograms of the as-cast alloy and after various
stages of ageing at 180 °C.
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Al-rich precipitates have developed and grown direction-
ally after ageing at 150 °C for 8 h inside the light contrast
Zn-rich 1 phase. It is interesting to find that this is different
from the decomposition of the zinc-rich 1 and 1 phases in
the aged eutectoid Zn—Al-based alloy (ZnAl22Cu3) after
various thermal and thermo-mechanical processes, such as
cast, extrusion, and furnace cooling. The latter occurred at
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Fig. 4. X-ray diffractograms of the as-cast alloy and. after various
stages of ageing at 150 °C.
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agreement with the above mentioned
identification of phases by using differ-
ent contrasts of the precipitates.

After ageing at 150 °C for 123 h and
ageing at 180°C for 6 h, the T' phase
precipitates are considerably developed,
which implies that the € phase has
mostly decomposed in the way of the
four-phase  transformation: o +¢
— T" + n (Fig. 2g).

4 Conclusions

in t(s)

Fig. 5. Relative XRD intensity changes of the € and T' phases in the cast alloy aged at 180 °C (a)

and 150°C (b).

the grain boundaries and phase boundaries as discontinuous
precipitation {8—10].

During prolonged ageing, the decomposition of the g
phase occurs in the cast alloy. As shown in Fig. 3, the
X-ray diffraction intensities. of the € phase both at the
(1010) and (0002) planes decrease during prolonged age-
ing, accompanying increase in the X-ray diffraction inten-
sity of the (433) peak of the T’ phase. The intensities of the
(1010) and (0002) peaks have considerably decreased after
ageing at 180 °C for 20 h, and 94 h, respectively, while the
(433) peak of the T’ phase has greatly increased. The ¢
phase vanishes finally. The relative XRD intensity changes
of the £ and T’ phases are obtained by calculating the area
covered by the related characteristic diffraction peaks, and
then plotted against In ¢ (here, ¢ is the ageing time in sec-
onds) for the cast alloy aged at 180 and 150 °C, as shown
in Fig. 5. This has been well recognized as a four-phase
transformation: o + ¢ — T’ + 1, which occurs in the Zn—
Al-based alloys during prolonged stages of various thermal
or thermo-mechanical processes [4-14].

By using atomic contrast in the BSE image, the decompo-
sition of the ¢ phase is clearly observed. After ageing at
150°C for 20 h, gray imaged precipitates of the Cu- and
Al-rich T’ phase are observed at the phase boundaries of
the light contrast € phase and the decomposed B, phase, as
indicated by arrows (*—) in Fig. 2d. Obviously, the & phase
reacts with the o phase, one of the three decomposition
products of the B phase, i.e., B, — o +n + . This gray pre-
cipitate does not appear at the phase boundaries of 1 and the
decomposed B, phase. Dark imaged Al-rich o phase remains
unchanged at this part of the decomposed B, phase bound-
aries, as indicated by arrows (—) in Fig. 2d. The phase
boundaries of the ) and ¢ phases of light contrast are clearly
distinguished from each other by a distinct contrast between
the gray T’ phase precipitates and the dark o phase precipi-
tates, as shown in Fig. 2d. After ageing at 150°C for 45 h,
the decomposition of the € phase has developed, and the €
phase particles are clearly observed (Fig. 2e).

Fig. 2f is a BSE image of the alloy specimen after ageing
at 150°C for 72 h. It was clearly observed that the € phase
particles with gray precipitates of the T’ phase indicated by
(*—) gives a brighter Cu K, X-ray mapping than the de-
composed PB; phase and the 1 phase. It is because there is
less Cu in both of the decomposed B phase and the 1 phase
than in the £ phase. The X-ray mapping results are in good
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1. The microstructure of the as-cast al-
loy ZnAll1Cu3 consists of many
large (=30-50 pm) and small
(=5-10 pm) primary P phase den-
drites in a lamellar eutectic matrix of
B phase and Zn-rich 1} and ¢ phases.

During ageing- the decomposition of the Zn-rich

phase occurs by continuous precipitation.

3. Decomposition of the € phase takes place via a four-
phase transformation: & + € — T’ + 1, during prolonged
ageing.

. The phase boundaries of the i and ¢ phases can be
clearly distinguished from each other by a distinct con-
trast between the gray T' phase precipitates and the dark
o phase precipitates.
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