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Phase transformations and microstructural changes of an as-cast eutectoid Zn-AI alloy 
(ZnAI22Cu2) were investigated during isothermal holding. The typical dendritic structures 
consisted of Cs phase as a core with the edge of decomposed I~s phase and decomposed qs in 
the interdendritic regions. A series of complex phase transformations was observed. Both 
decompositions of 13s and qs were determined at an early stage of ageing and a four-phase 
transformation, Cf+s ~ T '+r l ,  was observed at the boundaries of 0~f phase and the s phase, 
instead of clearly observed at the boundaries of ~ phase, in a solution-treated Zn-AI alloy 
during prolonged ageing. 

1. Introduction 
The phase transformations and structural changes in 
eutectoid alloys have been under investigation as a 
fundamental topic for many years. In the last decades, 
the phase transformations and structural changes 
of Zn-A1 alloy have been studied in greater detail, 
because its superplasticity is recognized as having 
considerable application in the metal-forming 
industry. 

As a part of the systematical investigation of phase 
transformation in Zn-AI based alloys, phase trans- 
formations of the supersaturated phases in solution- 
treated Zn-A1 alloy have been well investigated 
during the isothermal processes [1-12]. Three stages 
of phase transformations were observed during the 
ageing processes, as follows. 

1. Decomposition of the supersaturated zinc-rich 
fcc, lYs phase at early stage of ageing 

13's --, a~ + ~ + n (1) 

2. Decomposition of the metastable phase alumi- 
nium-rich fcc, a~ 

t tt  t aT --* GPZ ~ a m - -~  a m ~ 'El 

"~ a" ~ c~' ~ ar (2) 

3. Decomposition of e phase in a four-phase trans- 
formation 

a e + ~ --* T' + 1"1 (3) 

These three decompositions were in good correla- 
tion with the equilibrium phase relationships, i.e. 

13 + e ~ a + q at ~276~ (4) 

a + ~ ~ T' + 11 at 268~ (5) 

and the compositional change of aluminium in a 
phase at 275~ to the same phase at 268~ 
[1, 13, 14]. 
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In the present work, we were particularly interested 
in the decompositions of the supersaturated phases 
(a'~, lye, and rl's) in a chilled as-cast eutectoid Zn-A1 
alloy (ZnAlz2Cu2) during isothermal holding. Much 
more complicated phase transformations are exam- 
ined in the as-cast Zn-A1 alloy. This may be of 
importance in understanding the mechanism of the 
superplasticity of the alloy. 

2. Experimental procedure 
The nominal composition of the Zn-A1 alloy is 
Zn-22AI-2Cu (wt %). The alloy was induction melted 
from aluminium, zinc and copper (99.9% purity) and 
degassed with a commercial degasser, then poured at 
600 ~ into a preheated steel mould. The solidified 
ingots were chilled after 1 min air-cooling in the 
mould by water-spray cooling. 

The chilled as-cast ingots were quickly cut into 
pieces with different sides for X-ray diffraction exam- 
inations and observations by both optical and scan- 
ning microscopies during ageing at 90.4 and 150 ~ 
Special care was taken during X-ray diffraction exam- 
ination in the early stage of ageing. A nickel filter and 
copper radiation were applied within the diffraction 
20 angle range from 350-48 ~ in order to obtain the 
characteristic X-ray diffraction. A Jeol STEM and 
electron probe microanalysis (EPMA) were applied 
for determining the compositions of the phases of the 
alloy. 

3. Results and discussion 
3.1. Solidification of the eutectoid Zn-AI alloy 
Aluminium-rich a' s phase solidified first from the melt. 
The average composition of the a's is listed in Table I, 
determined using EPMA. In comparison with the 
average composition of a'~ phase in Zn-27% A1 alloy 
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T A B L E  I Average compositions of ~'~ phase in Zn-27% A1 and 
eutectoid Zn-AI alloys 

A1 Zn Cu 

Eutectoid Zn-AI alloy 33.3 64.9 1.8 
Zn-27% A1 54.9 43.5 1.6 
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Figure 1 Phase diagram of the Al-Zn system. 
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listed in Table I [16], e'~ in the Zn-A1 alloy contained 
more zinc, which is in accordance with the Zn-A1 
based alloy phase diagram, shown in Fig. 1 [15]. 

With continued solidification, the composition of ~'~ 
phase around the first solidified ~'~ phase gradually 
changed to the composition of [3'~ phase, close to the 
solidus line ~ + L/~ and the compositions of the melt 
changed along the liquidus line L/~ + L to the zinc- 
rich side, according to the Zn-AI phase diagram, 
shown in Fig. 1. The q's phase finally solidified in the 
interdendritic regions to complete the whole solidi- 
fication of the Zn-A1 alloy. According to the X-ray 
diffraction identification, both 0(~ and lY~ had fcc crys- 
tal structure, and q'~ had h c p crystal structure. 

3.2. Chilled as-cast state of the eutectoid 
Zn-AI alloy 

The alloy was water-chilled within 1 min after com- 
plete solidification. According to the X-ray diffraction 
test, there were three phases (~'~, [3' s and q'~) in the 
chilled as-cast eutectoid Zn-A1 alloy, as shown in 
Fig. 2. The diffraction peaks of ~'~ and lY~ appeared 
overlapped on the X-ray diffractograms due to the 
close composition of the two phases. The typical 
dendritic structures consisted of ~'~ phase as a core 
with the edge of 13'~ phase, and decomposed rl'~ phase in 
the interdendritic region, shown in Figs 3 and 4. There 
were no clear phase boundaries between ~'~ and [Y~ 
phases observed on the optical and SEM observa- 
tions; 

Within the interdendritic region of q's phase, ~ phase 
particles were observed both on optical and SEM 
observations indicating that rl' ~ phase was unstable 
even at room temperature and decomposed during 
specimen preparation and observation. 
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Figure 2 X-ray diffractograms of the chilled as-cast eutectoid 
Zn-A1 alloy (ZnAI22Cu2) during ageing. 

According to the identification of the phases, 
the lattice parameters of the supersaturated hcp  rl'~ 
phase in the chilled as-cast alloy were as follows: 
a o = 0.2668 nm, Co = 0.4842 nm, co/ao = 1.8148. 

3.3. Ageing characteristics 
The chilled as-cast Zn-A1 alloy was then aged at 90.4 
and 150 ~ It was observed that both ~'s and rl', phases 
decomposed after 5 min ageing at 90.4~ into the 
three phases ~',, e and rl, respectively. Both peaks of ~'~ 



Figure 3 Optical micrographs of as-cast eutectoid Zn-AI alloy: (a) 
chilled as-cast state; (b) after 30 s ageing at 90.4 ~ 

and rl'~ decreased in height, accompanying  the forma-  
tion and growth of  three sets of peaks of  a!r, ~ and 1"1 
phases. The lattice parameters  of  the e and q phases 
decomposed  from q'~ and 13'~ were determined as fol- 
lows. ~ phase: a o = 0.2767 nm; Co = 0.4289 nm; co/a o 
= 1.55. r I phase: a o = 0.2671 nm; Co = 0.4946nm; 

co/a o = 1.852. This 
decomposed in the 

~'s 

n'~ 

indicates that  both 13', and rl' s phase 
Reactions 1 and 7 

! 

a T + 8 + q (1) 

--* a:r + ~ + rl (7) 

It was observed that  the decomposi t ion of rl' s occurred 
at a very early stage of ageing (after 3 s ageing at 
90.4 ~ which will be discussed in a separate paper. 
This might be the reason why it is very difficult to 
observe the single-phase rl'~ interdendritic regions on 
optical and scanning electron micrographs.  

The decomposi t ion of [3" was clearly observed after 
ageing at 90.4 ~ for 30 s, shown in Figs 3b and 4b, as 
was determined in previous investigations on the 
Zn-A1 based alloys [1-12] .  

The first stage of  phase transformation,  i.e. de- 
composi t ions of  13'~ and 1-1' ~ phases, was completed after 
about  30 min ageing at 90.4 ~ as shown in the X-ray 
diffractograms (Fig. 2). Both 13'~ and q'~ have almost  
disappeared from the X-ray diffractograms. 

Figure 4 Scanning electron micrographs of as-cast eutectoid Zn-A1 
alloy: (a) chilled as-cast state; (b) after 30 s ageing at 90.4 ~ (c) after 
1.5 h ageing at 90.4 ~ and 67 h at 150 ~ 

On further ageing, it was observed that the peaks of 
a~r and a '  s shifted to the lower 20 angles on the X-ray 
diffractogram, shown in Fig. 2. It  was clear that the 
alloy had under taken a spinodal decomposit ion,  de- 
scribed by Reaction 2 

t t t  t 

a x ~ G P Z  --* am ~ am "-+ rl 

a "  -~ a '  ~ ~ (2) 

as observed in previous investigations [1-12] .  After 
prolonged ageing, it was observed that  a four-phase 
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transformation occurred as follows 

~ + ~  --, T ' + n  (3) 

On the X-ray diffractograms, shown in Fig. 2, T' 
phase was observed at 20 = 44.4 ~ after 1.5 h ageingat  
90.4 ~ and 15 min ageing at 150 ~ On further ageing 
at 150 ~ the diffraction peaks of e phase apparently 
decreased in height, accompanied by an increase in 
diffraction peak height of T' phase. After 1.5 h ageing 
at 90.4~ and 7 h ageing at 150~ the diffraction 
peaks of e phase vanished from the X-ray diffrac- 
tograms and leaving a well-formed stable T' phase 
peak. 

On SEM observation, the T' phase was observed 
both in the interdendritic regions and around the 
composed ~'s regions after 1.5 h ageing at 90.4 ~ and 
6.7 h at 150~ shown in Fig. 4c. Thus a four-phase 
transformation occurred at the boundaries of ~r and 
phase, instead of being clearly observed at the bound- 
aries of e phase in a solution-treated eutectoid Zn-A1 
alloy after .prolonged ageing. 

The observed dendritic structure of the as-cast eu- 
tectoid Zn-A1 alloy was, in fact, the result of de- 
compositions of various supersaturated phases. It 
consisted of fcc a'8 phase as the core, edged by de- 
composed 13'8, i.e. a:r, a and q phases, and the decomp- 
osed rl' phase in the interdendritic regions. Both de- 
compositions of 13' 8 and rl's were correlated to the 
equilibrium reaction 13 + ~ = a + 11 at 276 ~ 

4. C o n c l u s i o n s  
1. The as-cast eutectoid Zn-AI alloy appeared as a 

typical dendritic structure consisting of the super- 
saturated a' 8 phase as the core, edged by the decomp- 
osed [3' 8 and the decomposed TI' 8 in the interdendritic 
regions. 

2. The supersaturated rl' 8 was determined in the 
chilled as-cast eutectoid Zn-A1 alloy and identified to 
have h cp crystal structure and lattice parameters 
a o = 0.2668 nm, c o = 0.4842 nm, cola o = 1.8148. It 
was unstable even at room temperature, and decomp- 
osed in early stages of ageing. 

3. The phase transformations of the chilled as-cast 
eutectoid Zn-A1 alloy consisted of decompositions of 
various supersaturated phases in the following steps: 

(a) decomposition of 13's and q'8 in the early sliage of 
ageing, according to 

13; (and rl'8) ~ a:r + ~ + rl 

(b) decomposition of a~ and a's, according to 

t v t t  t 

a T a n d a  s ~ G P Z  --* am --*am --* rl 

",a a "  ~ 0( ----r ~f 

(c) decomposition of ~ phase, according to 

af + e -~ T ' +  r I 

Acknowledgements 
The authors thank Leticia Bafios, Jose Guzman and 
Antonio Caballero for their help in the experimental 
work. 

References 
1. Y.H.  ZHU, PhD thesis, University of Aston in Birmingham, 

UK, 1983. 
2. Y .H.  ZHU and S. MURPHY, Chin. J. Met. Sci. Technol. 3 

(1987) 261. 
3. Y .H .  ZHU, T. SAVANSKAN and S. MURPHY, in "Pro- 

ceedings of the Materials Research Society Conference", Crete, 
Greece, June-July 1983, edited by T. Tsakalakos (North- 
Holland) p. 835. 

4. N. MYKURA, S. MURPHY and Y, H. ZHU, ibid., p. 841. 
5. Y . H .  ZHU and S. MURPHY, in Proceedings of "Interna- 

tional Conference on Heat Treatments", West Berlin, 
Germany, June 1986, p. 367. 

6. ldem, Chin. J. Met. Sci. Technol. 2 (1986) 105. 
7. Idem, ibid. 5 (1987) 261. 
8. Y.H.  ZHU, ibid. 6 (1990) 125. 
9. Y.H.  ZHU and w.  HUANG, J. Casting Chin. 7 (1990) 25. 

10. Idem, Shanghai Metals (Non-ferrous Fascicles) 10 (1989) 1. 
11. Y.H.  ZHU, W. HUANG and B. YAN, ibid. 9 (1988) 1. 
12. Y.H.  ZHU, ibid. I t  (1990) 1. 
13. ldem, Chin. J. Met. Sci. Technol. 5 (1989) 113. 
14. S. MURPHY, Z. Metallkde 71 (1980) 96. 
15. A .A .  PRESNYAKV, Y. A. GOTBAN and V. V. CHER- 

PYAKOVA, Russ. J. Phys. Chem. 35 (1961) 623. 
16. Y .H .  ZHU, B. YAN and W. HUANG, in "Proceedings of 

Zn-A1 casting Alloys", Toronto, Canada, 1986, edited by G. P. 
Lewis, p. 23. 

Received 6 October 1992 
and accepted 20 August 1993 

1552 


