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Ageing characteristics of cast Zn-Al based
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Microstructure and ageing characteristics of a cast Zn-Al based alloy (ZnAl7Cu3) were
studied using X-ray diffraction, electron scanning microscopy and back-scattered
diffraction techniques. Two stages of phase transformation, i.e., decomposition of zinc rich
n phase and four phase transformation, « + ¢ — T’ + 1, were detected during ageing at
150°C. Electron back-scattered diffraction technique was applied in distinguishing both zinc
rich n and ¢ phases. © 2003 Kluwer Academic Publishers

1. Introduction

A new family of hyper-eutectic zinc aluminum based
alloys with higher copper and aluminum contents was
firstly developed based on the most commonly used
ZAMAK alloys in North America and China in 1990s.
The copper content was up to 3% (in wt%) and alu-
minum content were selected as about 27, 22, 12 and
8% (in wt%). They were named after their aluminum
contents as ZA27, ZA22, ZA12 and ZAS8. These de-
veloped Zn-Al alloys can be produced by pressure die
casting in cold and hot chamber machines. With cop-
per additions up to 2-3 wt%, the mechanical properties
and some of physical properties of the alloys, such as
tensile strength, creep resistance, dimensional stability
and wear resistance etc., are much improved [1-3]. The
copper modified Zn-Al based alloys have been applied
as substitutions for traditional bushing alloys, such as
bronze and aluminum alloys. The ageing characteristics
of the Zn-Al based alloys have been extensively inves-
tigated [4—6]. Unfortunately, little research has been
carried out on the copper modified Zn-Al based alloy
(ZA-8). The present paper deals with microstructure
and the ageing characteristics of a Zn-Al based alloy
(ZnAl7Cu3), i.c., the modified ZAS.

2. Experimental procedures

A copper modified Zn-Al based alloy (ZA8) was
produced from high purity materials (99.99%Zn,
99.99%Al and 99.99%Cu), and melted in a graphite
crucible in a induction furnace. The melt was degassed
with zinc chloride after stirring, and cast into a pre-
heated mild steel mould. The analyzed chemical com-
position of the alloy specimen was Zn90.4-Al6.7-Cu2.9
(in wt%). The cast specimens were aged at 150°C. The
metallurgical microstructure and phase transformation
of both as cast and aged alloy specimens were examined
using X-ray diffraction (XRD), scanning electron mi-
croscopy (SEM) and electron back scattered diffraction
(EBSD) techniques. XRD examination was carried out
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on a flat-polished specimens in a Philips X-ray diffrac-
tometer, using nickel-filtered Cu K,, radiation. Speci-
mens of 10 mm in diameter and 6 mm thick were ground
and carefully polished using diamond paste from 6 to
0.4 um for both SEM and EBSD. A back scattered elec-
tron detector was applied to produce a medium resolu-
tion of atomic contrast among various phases involved.
Phases containing heavier elements appear as darker
back scattered electron image. EBSD measurements
were obtained using commercially available software
(supplied the company HKL Technology APS) linked
to the stereo 360 SEM operating at an accelerating volt-
age of 20 n keV with the specimen tilted at 70°.

3. Results and discussions
3.1. Microstructure of as cast alloy
(ZnAl7Cu3)

During solidification, n, 8 and € phases solidified first
to form a eutectic structure. These three phases became
supersaturated phases, n’s, ,3§ and &, and decomposed
during casting and solidification. The resultant metal-
lographic microstructure of the three phases appeared
as tree-stem shaped eutectic structure together with
flower-like cores of solidification, as shown in Fig. 1a.
According to the binary and ternary phase diagrams
[7, 8], the subsequently solidified face centered cubic
(fcc) B phase contained less aluminum and richer in
zinc, and appeared as a layered structure. Little change
in composition of the hexagonal closed packed (hcp) n
and ¢ (Zn4Cu) phases was observed, both were lightly
contrasted in the back scattered scanning electron mi-
croscopy (BSEM). It was reported that the decomposi-
tion of the B¢ phase decomposed in a cellular reaction,
Bs — o + 07 + &, where aluminum rich o}, and zinc
rich 7. phase are both metastable phases [5]. The outer
layer of the subsequent solidified 8 phase decomposed
rapidly due to faster diffusion of zinc atoms than alu-
minum atoms in the phase, being different in shape
from the inner layer of the decomposed f phase. The
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Figure 1 BSEM images of the cast alloy (ZnAl7Cu3) after various periods of ageing at 150°C: (a) as cast, (b) 20 min, (c) 3 hrs, (d) 10 hrs, (e) 126
hrs, and (f) 160 hrs. (Continued)
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Figure 1 (Continued).



TABLE I The analyzed composition of the different layers of the
decomposed B¢ phase

Zn Al Cu
Ist layer (inner layer) 80.8 17.0 22
2nd layer 82.8 14.1 34
3rd layer (outer layer) 88.9 9.5 1.6

inner layer appeared as fine lamellar structure. The an-
alyzed composition of the different layers is shown in
Table 1. Typical layer structure of the decomposed B
phase was observed after ageing at 150°C for 20 min,
as shown in Fig. 1b.

The 1 and ¢ phases and aluminium rich « phase solid-
ified finally to form a high volume fraction of eutectoid
structure. The BSEM image of the cast alloy and the
related X-ray mapping of Zn, Al and Cu elements are
shown in Fig. 2. According to the composition of these
phases, the B¢ phase is prominent in the aluminum scat-
tered electron image, the & phase is prominent in the
copper scattered electron image. The 1 phase is promi-
nent in the zinc back scattered electron image.

The X-ray diffractogram of the as cast ZnAl7Cu3
showed that three phases, a1, 77, and ¢, existed in the
as cast alloy, as shown in Fig. 3, where the characteristic
diffraction peaks of the phases are separately indexed.
The B phase had decomposed and did not appear on
the X-ray diffractogram.

3.2. Ageing characteristics of Alloy
ZnAl7Cu3

The cast alloy specimens were examined after various
periods of ageing at 150°C. After ageing at 150°C for 3
mins, the (0002) diffraction peak of the n/, phase shifted
to a lower 20 angle and the d-spacing of the crystal
plane increased to 2.4468 nm, accordingly. After age-
ing at 150°C for 2 hrs, the (0002) shifted further and the
d-spacing increased to 2.4478 nm. The shifting of the
(0002) diffraction peak was one of the characteristics
of the decomposition of the 77 phase. After ageing at
150°C for 5 hrs, the decomposition of the 7/, phase be-
came apparent and the diffraction intensity from (1010)
and (0002) planes of the ¢ phase started to decreased,
as shown in Fig. 3. With increasing ageing time, the
diffraction intensity of the ¢ phase further decreased,
while the diffraction intensity of (433) planes of the T
phase increased. This implied that a four phase transfor-
mation, @ + & — T’ + n, started to occur. After ageing
at 150°C for 15 hrs, the four phase transformation be-
came obvious. The relative X-ray diffraction intensities
of the ¢ phase and the T’ phase are plotted against the
ageing time in Fig. 4.

The above mentioned two phase steps of phase de-
composition were detected using BSEM. After ageing
at 150°C for 20 min, dark-imaged precipitates of o
phase developed at the boundaries of 7/ and the decom-
posed B phase, as indicated by arrows “— " in Fig. 1b.
After ageing at 150°C for 3 hrs, gray precipitates were

Figure 2 BSEM image of the cast alloy (ZnAl7Cu3) and the related X-ray mapping of Zn, Al and Cu Elements: (a) Al mapping, (b) Cu mapping, (c)

Zn mapping, and (d) BSEM image.
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Figure 3 The X-ray diffractogram of the as cast alloy ZnA17Cu3 after various periods of ageing at 150°C.

observed inside the light- imaged ¢ phase, as indicated
by arrows “* —” in Fig. lc. This gray precipitates
were developed after ageing at 150°C for 10 hrs, as
shown in Fig. 1d. The gray precipitates inside the &
phase was recognized to be the T’ precipitates, as one
of the production of decomposition of the ¢ phase,

i.e., the four phase transformation, @ + ¢ — T' + p

[5, 6, 9]. The T’ phase precipitates were significantly
increased after ageing at 150°C for 30 hrs, as shown
in Fig. le. Both the dark- and gray-imaged precipi-
tates of @ and T’ phases well developed after prolonged
ageing at 150°C for 126 hrs, and continuous precipi-
tation was observed inside the 7} phase, as shown in
Fig. 1f.
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TABLE II Lattice parameters of 77 and & phases

a c cla
1} phase 0.2671 nm 0.4946 nm 1.852
& phase 0.2767 nm 0.4289 nm 1.550

M Relatively XRD intensity of € phase
® Relatively XRD intensity of T/ phase
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Figure 4 The relative XDR intensity changes of (0002) peaks of the
¢ phase and (433) peak of the 7’ phase of the cast alloy (ZnA17Cu3)
during ageing at 150°C.

3.3. EBSD

It is rather easier to determine the microstructure of
the alloys directly from reflection of bulk specimens
in SEM than thin foil specimens using TEM. Elec-
tron back-scattered Kikuchi diffraction pattern (EB-
SDP) was obtained from a well polished bulk alloy
specimens using EBSD.

The pre-determined lattice parameters of the 7y
and ¢ phases were applied. Listed in Table II are the
previously determined lattice parameters of the 5/
and ¢ phases [6]. Shown in Fig. 5a and b are the
indexed EBSDP of 7/ and ¢ phases in the ZA alloy
specimen.

Both the 77 and & phases appeared light in contrast
and hard to distinguish from each other in the BSEM.
However, in performing EBSD, electrons scanned on
the selected area of the as cast specimens. The EB-
SDP of both 1/ and ¢ phases were rapidly generated

(2)

Figure 5 EBSDP of '711" (a) and ¢ (b) phases in the cast alloy (ZnAl7Cu3).

1950

with automatic indexing. Accordingly, EBSD map-
ping of 7} and & phases were realized after subtract-
ing a background noise from each average image,
separately.

The 17 and & phases were clearly distinguished from
the different contrasts on the EBSD mappings. Shown
in Fig. 6a—d are the BSEM image and the related EBSD
mapping of 77 and e phases of the as cast alloy after
ageing at 150°C for 8 hrs. The EBSD mapping for iden-
tification of the 1. and & phases is shown in Fig. 6b,
where the light gray region represents the 1/ phase,
and the black area is the ¢ phase. Because the used
resolution of the EBSD is about 5 um, although with
care features of 1 pum size can be detected, phase re-
gions smaller than this resolution appear in another con-
trast different from the contrasts (dark gray of the n/;
and ¢ phases. Fig. 6¢ shows the EBSD mapping of the
& phase, where the dark imaged matrix is undetected
zone and other different contrasts of image represent
different orientations of the ¢ phase. Fig. 6d shows the
EBSD mapping of the 1} phase, where the dark im-
aged matrix undetected zone and other different con-
tracts of image represent different orientation of the 1.
phase.

Shown in Fig. 7a—d are the BSEM image and the
related EBSD mapping of n7} and ¢ phases of the as
cast alloy after ageing at 150°C for 700 hrs. The gray
precipitates of T’ phase had developed considerably in
the ¢ phase, as shown BSEM image, Fig. 7a. Fig. 7b
shows the EBSD mapping for identification of the n7y
and ¢ phases, where the light gray imaged zone is from
the 77 phase, the small amount of the black images
represent the ¢ phase, and the dark gray imaged zone
is undetected zone. Fig. 7c shows the EBSD mapping
of the 1. phase, where the different contracts of image
represent different orientation of the »7 phase. Fig. 7d
shows the EBSD mapping of the ¢ phase, where the
dark imaged matrix undetected zone and other differ-
ent contracts of small particle image represent different
orientation of the ¢ phase.

It was found that the amount of the ¢ phase decreased
considerably, that meant that the ¢ phase decomposed
almost completely after the prolonged ageing.

[1210]
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Figure 6 BSEM images of the cast alloy (ZnAl7Cu3) after ageing at 150°C for 8 hrs and EBSD mapping of n and ¢ phases: (a) 8 h, electron
back-scattered image, (b) EBSD mapping for two phases identification, (c) EBSD mapping with orientation of ¢ phase, and (d) EBSD mapping with
orientation of 7/ phase.

(©) (d)

Figure 7 BSEM images of the cast alloy (ZnAl7Cu3) after ageing at 150°C for 700 hrs and EBSD mapping of 1 and ¢ phases: (a) 700 h, electron
back-scattered images, (b) two phases, 7. and & phases, (c) EBSD mapping with orientation of 7 phase, and (d) EBSD mapping with orientation &
phase.
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4. Conclusions

1. Microstructure of the Zn-Al based alloy
(ZnAl7Cu3) consisted of tree stem and flower like
cores of solidification (¢ phase, decomposed Sg phase
and 7 phase), which were surrounded by large amount
of eutectoid structure (1} phase and « phase).

2. Two stages of phase decomposition occurred sub-
sequently during ageing at 150°C: decomposition of the
1t phase, and the four phase transformation, o« 4+ ¢ —
T +n.

3. EBSD appears an effective method to identify the
two zinc rich phases 7/, and ¢.
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