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Phase decomposition in extruded Zn-Al
based alloy
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Ageing characteristics of an extruded eutectoid Zn-Al based alloy were investigated using
X-ray diffraction and scanning electron microscopy techniques. The extruded alloy
consisted of Al rich & phase and Zn rich n and ¢ phases. The original cast eutectoid Zn-Al
alloy was extruded at 250 °C. Both supersaturated «; and g; phase decomposed during
extrusion and appeared as fine and coarse lamellar structures. The 5 and ¢ phases
particles formed in the original interdendritic region. It was found that two Zn rich phases
ng and ¢ decomposed sequentially during ageing at 170, 140°C. The decomposition of the
ng phase occurred as a discontinuous precipitation in the early stage of ageing and the
decomposition of the ¢ phase took place in a four phase transformation: a +¢— T'+7in
the prolonged ageing. Two typical morphologies of the decomposition of the Zn rich
phases 1 and ¢ were distinctive in back-scattered scanning electron microscopy.

© 1999 Kluwer Academic Publishers

1. Introduction The isothermal holding was carried out at 170 and
Alloy materials suffer always various external stressesl40°C respectively. X-ray diffraction (XRD) identifi-
during their manufacturing and service application. Thecation, scanning electron microscopy (SEM) and elec-
investigation of the stress induced phase transformatiotion probe micro-analysis (EPMA) techniques were ap-
and microstructural change in most alloy materials isplied for investigation of decomposition of the phases
of practical importance. involved and microstructural change during ageing at
Decomposition of Zn-rich metastable phases in anl70 and 140C. A X-ray diffractometer with nickel
extruded eutectoid Zn-Al based alloy become recentlyfiltered CWK,, radiation was employed scanning on
an interesting topic because of its correlation with di-flat specimens at a speed of 1 deg/min withinéa 2
mensional stability of the material [1-3]. When the eu-range from 35 to 47 to obtain characteristic X-ray
tectoid Zn-Al based alloy (Zn76Al22Cu2 in wt %) was diffraction peaks. Standard metallographic examina-
extruded at 210-29(C, the Zn-rich phasgr formed tion was carried out in a scanning microscope using
as a metastable phase, and decomposed during isoth&ack-scattered SEM image to receive visible atomic
mal holding. It was observed that the decomposition ofiumber contrast.
the metastablg phase resulted in dimensional shrink-
age of the material. Another Zn-rich metastable phase
¢ decomposed during prolonged aging, which cause®. Results and discussion
expansion of the material. 3.1. Decomposition of Zn-rich
In this paper the decomposition of both the and ¢ phases
metastable phaseg. ande in the extruded alloy was It was observed that the extruded alloy consisted of Al-
in detail investigated during isothermal holding. richa phase and Zn-rich: andes phases before isother-
mal holding, as shown in the X-ray diffractograms
of the extruded eutectoid Zn-Al based alloy at vari-
2. Experimental ous stages of ageing at 170 and 1@Orespectively
The eutectoid Zn-Al based alloy material (Figs 1and 2). Both supersaturated Al-righand Zn-
Zn76AI22Cu2 (wt%) was continuously cast into rod rich g, phase decomposed during extrustion at 250
of 178 mm in diameter, then extruded into rod of and appeared as fine and coarse lamellar structures, as
20 mm in diameter after heating up to 280. The shown in the back-scattered SEM images (Fig. 3). The
extruded alloy specimens had been previously aged fayz ande phases particles formed in the interdendritic
a period in excess of 2 years at ambient temperature.region of the original cast eutectoid Zn-Al based alloy.
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It was noticed that thd-spacing of the (0002) crystal s/\F5 &) b 308 h at 140°C
planes of the Zn-richjz phase in the extruded alloy 35 40 45

was 0.2437 nm, accordingly2= 36.8° before ageing.
After 10 min ageing at 170C, the (0002) diffraction
peak of theyr phase shifted to the lowepzngle, and
the d-spacing of the crystal planes increased accord-
ingly to 0.2445 nm. This (0002) diffraction peak shifted phase was well developed. The relative X-ray diffrac-
further and thel-spacing increased to 0.2446 nm. Thetion intensity changes of the and T’ phases during
shifting of the (0002) peak of the Zn-riafy phase was ageing at 170C are shown in Fig. 4a (heteis age-
reported to occur in the same alloy during tensile andng time). It is well recognized that the decomposition
creep deformation, and mechanical milling [4-7]. Thisof the ¢ phase takes place via a four-phase transfor-
is a characteristic of the decomposition of the Zn-richmation,« + ¢ —T’ + 5, in the prolonged ageing, also
ne phase. It was reported that the Zn- righphase de-  occurs under external stress [3—-11].
composed into three phase, g — n+ao + T’ [2]. It was also noticed that the shifting of the (0002)
The decomposition of thgr phase at the early stage diffraction peak of the;z phase occurred during the
of ageing was then followed by decomposition of thewhole process of ageing at 170. The diffraction angle
¢ phase during prolonged ageing. As shown in Fig. 1(20) of the (0002) peak decreased finally to 36,42
the diffraction intensity of the phase both from (110)  accordingly thel-spacing increased to 0.2469 nm. The
and (0002) planes decreased sl ageing at 170C.  lattice parametersc® of the ¢ phase both before and
With increasing ageing time the intensity of hphase after ageing at 170C were calculated as 0.4874 nm
further decreased, whilst the diffraction intensity of theand 0.4938 nm respectively, as shown in Fig. 1.
T’ phase from (110) (433) crystal planes increased. Af- A similar phase transformation sequences was ob-
ter 113 h ageing at 17@ the diffraction peaks of the  served in the specimens aged at 1€0as shown in
phase vanished in the X-ray diffractogams, andTthe Fig. 2. The (0002) diffraction peak of thg- phase

Figure 2 X-ray diffractograms of the extruded eutectoid Zn-Al alloy
after various stages of ageing at 40
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Figure 3 The relative X-ray diffraction (XRD) intensity changessoéind T’ phases during ageing at 170 (a) and 140C (b). ® from (10L0) planes
of thee phasef from (433) planes of th&’ phase.
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Figure 4 Scanning electron micrograph of the extruded eutectoid Zn-Al alloy (a) before ageing, and after ageirgCatot 20h (b), 10 h (c), and
50 h (d).— Precipitation of thej phase; *> precipitation of the: phase. Continued

shifted to the lower 2, accordingly thed-spacing of 3.2. Microstructural characteristics

the (0002) crystal planes increased, as labeled in Fig. Z-he above mentioned two stages of decomposition were
Also the relative changes of the X-ray diffraction in- clearly observed on scanning electron microscope. As
tensity ofe and T’ phases during prolonged ageing atshown in the back-scattered SEM images of the ex-
140°C were observed, as shown in both Figs 2 andruded eutectoid Zn-Al based alloy at various stages of
4b. However the phase transformation rate at“120 ageing at 170C (Fig. 3), the microstructural evolution
was apparently lower than that at 1°@. As shown in  of the extruded eutectoid Zn-Al based alloy was char-
Figs 1 and 2, the X-ray diffraction peaks of thehase acteristic of two kinds of decomposition of the Zn-rich
vanished after 113 h ageing at 1T, whist the (100)  »¢ ande phases.

X-ray diffraciton peak of the phase still exsisted after  Before ageing the microstructure of the extruded eu-
304 h ageing at 14TC. tectoid Zn-Al based alloy consisted of the light contrast
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Figure 5 Back scatter SEM micrographs of the extruded eutectoid Zn-Al alloy after 50 h ageinga® {&@Pand 50 h ageing at 14C (b), showing
two kinds of precipitates within the light contragt andes phases— Precipitation of the)z phase; *> precipitation of the: phase.

Zn-rich n ande¢ particles and both fine and coarse tion of the Zn-richng phase took place in a discon-
lamellar structures, as shown in Fig. 3a. Ti}ephase tinuous precipitationyg — n+ o« + T’ [2], where the
andthe intermetallie phase (Cuzg) were identifiedby  Al-rich « phase appeared as the darker-imaged particle
electron probe micro-analysis and labeled respectivelprecipitates. After 10 h aging at 17GQ, the decompo-
in Fig. 3a. The fine and coarse lamellar structures wersition of theng phase developed, as shown in Fig. 3c.
derived from supersaturatedandg; phasesinthe cast Atthe same time the gray-imaged precipitates were ob-
eutectoid alloy respectively, which are also labeled byserved in the light contrastphase, as indicated by the
“ag” and “gg" in Fig. 3a. arrow “*—"in Fig. 3c. Itis recognized that the decom-
After 1 h ageing at 170C, darker-imaged precipi- position of thes phase occurred in a form of four-phase
tates formed in the light contrast phase, as the ar- transformationg + ¢ — T’ + 1 [3-11]. Thes phase re-
row “—" pointing in the back-scattered SEM image acted with the Al-riche phase to fornT’ andn phases.
(Fig. 3b). As previous work reported, the decomposi-As one of the products of the decomposition of the
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phase, i.e. four-phase transformation, THghase ap- « +¢— T’ + 5 in the prolonged ageing. Typical mor-
peared as the gray-imaged precipitates. &hghase phologies of the two kinds of decomposition of the Zn
was observed as the darker-imaged precipitates in théch phaseg ande are distinctive in back-scatter SEM
back scatter SEM image because of a higher conteninage. The darker-imagedphase precipitates and the
of Al in the « phase than thd’ phase. A distictive gray-imaged’ phase precipitates stand for the decom-
atomic contrast between these two precipitates is showposition ofy ande phases respectively.
in Fig. 4c. The gray-imaged precipitates, ilé.phase,
were well developed after 50 h ageing at 200 as
shown in Fig. 3d. Acknowledgements
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